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Newslog 


JAN 4. MCI Communications 
Corp., Washington, D.C, an¬ 
nounced a US $20 billion plan to 
create, with partners, a mul¬ 
timedia information superhigh¬ 
way by the end of the decade. 
Using underground conduits it 
acquired from Western Union 
Telegraph Co., MCI initially 
plans to build local optical-fiber 
networks in the nation’s 20 
biggest cities, in order to bypass 
phone exchanges operated main¬ 
ly by the seven regional Bell 
companies. MCI now pays over 
$5 billion annually in access 
charges. 

JAN 5. A board of engineers and 
scientists after a four-month 
investigation said the $980 mil¬ 
lion Mars Observer mission 
failed last August most probably 
because of a sudden rupture of 
a fuel line. The leaking fuel 
might well have sent the space¬ 
craft spinning out of control, 
triggering an emergency shut- 
dovra. The board also criticized 
the National Aeronautics 
and Space Administration for 
its management of the project 
and the spacecraft design. 

JAN 7. Three big job reduction 
announcements in the telephone 
industry included Pacific Tele- 
sis Group, San Francisco, 
which said it would slash 3000 
jobs this year and 7000 more by 
the end of 1997, or 19 percent of 
its workforce. Then on Jan. 10, 
GTE Corp., Stamford, Conn., 
announced it would cut 17 000 
jobs—more than one of every 
five of its local phone workers 
and managers—during the next 
three years. And on Jan. 24, 
Nynex Corp., New York City, 
said it would cut 16 800 employ¬ 
ees by late 1996. 

JAN 10. Reliance Electric Co., 
Cleveland, Ohio, said it had oper¬ 
ated a superconducting motor 
with an output power of 3730 W 
and rotating high-temperature 
superconducting (HTS) coils at a 
speed of 1800 rpm. The new 
motor is a significant step be¬ 
yond Reliance’s prototype that 
had stationary HTS coils and a 


lower output power of 1490 W 

JAN 11 . Westinghouse Elec¬ 
tric Corp., Pittsburgh, said it 
would lay off 3400 employees 
and a further 2600 through attri¬ 
tion within the next two years. 
The company’s worldvwde head 
count will then fall to around 
48 000 employees. 

JAN 13. U.S. space officials 
declared the repairs on the orbit¬ 
ing Hubble Space Telescope a 
complete success. The chief 
repair, accomplished by space¬ 
walking astronauts in December, 
was to fix a flaw in the tele¬ 
scope’s primary mirror. Now 
Hubble can observe objects as 
far as 10 billion to 12 billion light- 
years away, almost to the edge of 
the visible universe. 

JAN 14. The Latvian govern¬ 
ment said it had awarded a con¬ 
tract to modernize the coimtry’s 
telecommunications network to 
a consortium headed by the 
United Kingdom’s Cable & 
Wireless. In a 10-year plan, 
C&W and Telecom Finland 
will install 650 000 new digital 
telephone lines, almost doubling 
Latvia’s phone capacity. The deal 
is the first internationally ten¬ 
dered privatization of a state 
telecommunications operator in 
the former Soviet Union. 

JAN 17. IBM Corp. said it had 
signed an exclusive agreement 
with the International Olym¬ 
pic Committee to provide com¬ 
puter systems for the next four 
Olympic Games. This is the first 
time the committee has selected 
a single company to supply the 
Games’ information technology 
systems. The deal vnll allow sys¬ 
tems developed for one year’s 
Games to be moved easily to the 
next Games. Previous Olympic 
systems had generally been 
developed from scratch each 
time at significant expense. 

JAN 18. ABB Asea Brown 
Boveri, Zurich, Switzerland, said 
it had won an order worth over 
$100 million from Kraftwerke 
Gera, Germany, for a combined 


heat and power plant at Gera, 
near Leipzig. The station, to be 
in operation by mid-1996, is to 
deliver 76 MW of electricity and 
250 MW of thermal energy for 
the local district heating system. 

JAN 19. Russia’s communica¬ 
tions minister said the Russian 
phone company Rostelecom 
had set up a joint venture with 
US West, Denver, Colo., Ger¬ 
many’s Deutsche Bundespost 
Telekom, and France Tele¬ 
com to add 20 million new tele¬ 
phone lines in Russia within 10 
years, doubling the present 
capacity. Dubbed “50X50,” the 
project will link 50 cities with 
50 000 km of optical-fiber cables. 

JAN 19. The U.S Energy De¬ 
partment said a cooperative 
research program with Energy 
Conversion Devices Inc., 
Troy, Mich., and Japan’s Canon 
Inc. had produced a new amor¬ 
phous silicon solar cell that could 
halve the cost of solar energy for 
the home. Incorporating this 
material into roofing shingles 
could supply a home with elec¬ 
tricity at a cost of $0.16/kWH and 
eventually $0.12, versus $0.25- 
$0.50 for electricity from today’s 
conventional photovoltaic cells. 
The new photovoltaic solar cell 
has an efficiency of 10.2 percent, 
a record for amorphous silicon. 

JAN 21. A joint research team of 
NEC Corp., Tokyo, and the Cal¬ 
ifornia Institute of Technol¬ 
ogy, Pasadena, said it had devised 
a sensor-covered “snake” robot 
that can detect obstacles in its 
path and weave around them. 
Needing neither commands from 
operators nor knowledge about 
the distance to obstacles, it is 
suitable for work on blind spots 
or in places where obstacles may 
arise unexpectedly. The robot is 
built with 20 infrared-ray and 10 
supersonic distance sensors. 

JAN 24. The U.S. Commerce 
Department announced that at 
this time the United States 
would retain its system of award¬ 
ing patents on the basis of the 
date of invention, rather than the 


date of application used by other 
industrial countries. The move 
delays international negotiations, 
which began a decade ago, aimed 
at bringing the world’s patent 
laws into harmony on the first- 
to-file basis. 

JAN 24. Telesat Canada said 
that a powerful geomagnetic dis¬ 
turbance had crippled two Cana¬ 
dian communications satellites, 
disrupting television and radio 
throughout the country as well 
as some telephone and data ser¬ 
vices. One satellite, Anik El, was 
repaired by instructions from 
earth, but Anik E2 may have to 
be written off. Static electricity 
had previously interrupted satel¬ 
lite service, but never so exten¬ 
sively. The incident knocked out 
power to the flywheels that keep 
the satellites pointing in the right 
direction. 

JAN 31. Japan’s Kinki Mobile 
Radio System Inc. said it had 
developed a new signal-process¬ 
ing method that enables faxes to 
be sent from a mobile telephone. 
Transmission was made over an 
800-MHz band at a speed of 
9600 b/s. An A-4 size document 
was transmitted in about 1 
minute. To make a prototype 
device, the company plans to 
team up with fax manufacturers. 

JAN 31. Comsat Corp., Beth- 
esda, Md., which provides satel¬ 
lite networks and other commu¬ 
nications gear, said it would buy 
telecommunications-maker 
Radiation Systems Inc., Ster¬ 
ling, Va., for about $150 million. 
The two companies will join 
forces to serve the wireless com¬ 
munications market. 

Preview: 

MAR 3. The National Aero¬ 
nautics and Space Adminis¬ 
tration is to launch the space 
shuttle Columbia from Ken¬ 
nedy Space Center in Florida. 
During the 14-day mission, the 
crew will study materials pro¬ 
cessing in the microgravity envi¬ 
ronment of space flight. 


Sally Cahur 
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SPECIAL REPORT 


TECHNOLOGY IN 

INDIA 

24 Overview 

By GLENN ZORPEHE 
The world's most populous democracy- 
home to almost a sixth of humanity—is 
on the move. With a huge technical 
workforce and a growing middle class, 
India is striving to integrate itself into the 
world economy. As it seeks a place among 
industrialized nations, it will undoubtedly 
become a model for other developing 
countries bent on using technology and 
science to do the same. 

IEEESpectrunfs special report begins 
with an overview putting these efforts in 
political and economic context. Dozens of 
Indians were interviewed for it throughout 
the country last October. Seven articles 
follow, each by a leader in Indian business 
or Government, describing the progress 
made and challenges ahead in six key 
technological disciplines. 

32 Software: Part 1 

ByFAQIRC. KOHLI 

34 Software: Part 2 

ByASHOKSOOTA 

36 Nuclear technology 

By R. CHIDAMBARAM, ANIL KAKODKAR, 
and PLACID RODRIGUEZ 

39 Aerospace technologies 

By K. KASTURIRANGAN 

43 Telecommunications 

By BISHNU D. PRADHAN 

47 Electronics and defense 

By V. PRASAD KODALI and 
VASUDEV K. AATRE 

51 Electric power 

By M. RAMAMOORTY 

52 To probe further 
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Students take a break from their 
studies at the Centre for Arti¬ 
ficial Intelligence Research in 
Bangalore. 


A tree provides relief from the 
midday sun at radiotelescope 
construction site at Narayon- 
gaon, in western India. 


Built in 1753, the tomb of the ruler 
Saldar Jang in New Delhi has been 
called the "last flicker of the tamp 
of Moghul architecture." 
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PACKAGING 


54 Managing signal 
integrity 

By RAVENDER GOYAL 
As system clock rates race to 100 MHz 
and beyond, designers of printed-circuit 
boards and multichip modules must watch 
out for such high-speed effects as ground 
bounce, ringing, reflections, and 
crosstalk. 



59 Testing multichip 
modules 


By ANDREW FLINT 

Too complex to be tested as a chip and 
too packed to be probed like a board, the 
multichip module presents a new set of 
challenges to the test engineer. Until 
dedicated testers are developed, the best 
approach will often be to apply board-type 
assembly and system tests through a 
chip-type tester. 


TUTORIAL 


63 Engineering a 
small system 

ByKURTSKYTTE 

‘Do it right the first time’ is the slogan of 
systems engineering—a process useful 
for smaller commercial products as well 
as large government projects. The key: 
translating a customer's need into a set of 
specifications that drive the system's 
design. 
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Cover! A tiger lurks in India and could be about to 
break its bonds. Representing India’s talented entre¬ 
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Stefano Vitale. See p. 24. 
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Forum 


Authors in orbit 

Viktor Kudielka’s letter [June 1993, p. 8] is 
slightly misleading, so I would like to make 
some corrections. 

I had never even seen Noordung’s 
(Potocnik’s) 1929 book when I wrote my 1945 
Wireless World article, but I had seen pic¬ 
tures of his space station (precursor of the 
one in 2001) in science fiction magazines. His 
work was obviously of such importance that 
it merited a reference, but the concept of the 
geostationary orbit much predates it, going 
back at least to Tsiolkovsky at the beginning 
of the century. And, as I pointed out in How 
the World Was One (Bantam, 1992), Hermann 
Oberth anticipated Potodnik by almost five 
years. He was the first to suggest the use of 
space stations for communications—though 
by optical means, not radio, then still in a very 
primitive state. 

As it happens, only in 1993 did I obtain my 
first copy of Potocnik’s classic book, and I was 
astonished to see that he did, in fact, envis¬ 
age the use of short waves for communica¬ 
tions between earth and the station. I am 
sure if TV had existed when he wrote it, he 
would have pointed out the advantages of the 
geostationary orbit for global broadcasting, 
which was the main point of my 1945 paper. 

Finally, I would like to mention an even 
more amazing anticipation—Edward Ever¬ 
ett Hale’s The Brick Moon (1870), which con¬ 
tained the very first proposal for an artifi¬ 
cial satellite—as a navigational aid! Shades 
of GPS.... 

Arthur C. Clarke 

Colombo, Sri Lanka 


GPS: time and change 

From my perspective, Ivan Getting [“The 
Global Positioning System,” December 1993, 
pp. 36-38, 43-47] overstates the role of 
Aerospace Corp. and ignores the fundamen¬ 
tal contributions of the Naval Research Lab¬ 
oratory (NRL) to the development of the 
GPS. The GPS uses passive ranging, 12-hour 
circular orbits, and space-borne atomic 
clocks that were originally implemented by 
NRL in the Timation navigation satellite sys¬ 
tem. In turn, the ancestry of Timation can be 
traced to Project Vanguard and the Navy 
Space Surveillance System, for which NRL 
also had primary responsibility. 

The simple fundamental concept of GPS 
is the ability to measure range to a trans¬ 
mitter passively if the user and transmitter 
have synchronized clocks. If the user pas¬ 
sively measures the range to four (or more) 
transmitters that carry synchronized clocks 


and are at known positions, the user can 
determine clock time and position m three 
dimensions. 

This concept first was demonstrated to 
Chester Kleczek and John Yob of the Naval 
Air Systems Command in 1964. They under¬ 
stood that the concept could be used to 
improve aircraft navigation, and so they 
promptly funded development of a system, 
which vras later named “Timation” for TMe 
navigATION. 

The first Timation satellite was launched 
on May 31,1967, and demonstrated the feasi¬ 
bility of the passive-ranging concept. After ini¬ 
tial tests and calibration at the naval labora¬ 
tory, the technique was demonstrated to 
personnel of the Department of Defense and 
the Department of the Navy at the John Eric¬ 
sson statue in Washington, D.C., near the Lin¬ 
coln Memorial. 

The Timation H satellite was launched on 
August 30,1969. Timation HI, renamed NTS- 
1 (Navigation Technology Satellite), was 
launched on June 14,1974, and carried quartz 
and rubidium time standards. NTS-2 was 
launched on June 23,1974, as the first of the 
GPS Phase-I satellites. It carried cesium- 
beam standards and transmitted signals for 
both Timation and Navstar GPS receivers. 
The first studies of satellite constellations 
were made by NRL (Report 7389—“TIMA¬ 
TION Navigation Satellite System Constel¬ 
lation Study”). 

Foger Easton 

Canaan, N.H. 

The problem with GPS as primary navigation 
for civil aviation is not technical, but politi¬ 
cal [“Flight observations,” January 1994, p. 6]. 
As long as the U.S. Department of Defense 
controls the systems and retains the right 
to degrade service (selective availability and 
anti-spoofing), or even shut it down without 
notice, no responsible authority could accept 
it. Satellite drift has no bearing on the situa¬ 
tion. The orbits are checked by ground sta¬ 
tions all the time, and the satellites transmit 
correct locations and time whenever they 
are permitted. 

Rodney Myrvaagnes 

New York City 



Kenneth Werner’s fine article “The flat 
panel’s future” [November 1993, p. 18-26] 
brought back memories of the General Elec¬ 
tric ()o.’s Electronics Laboratory in Syracuse, 
N.Y., where I was a Massachusetts histitute 
of Technology co-op student in 1955-56. 

The development of a color television dis¬ 


play tube was a major mission of the labora¬ 
tory, which was directed by Lloyd Devore. 
Hanging on the wall of his office was a flat 
gray framed panel designated “the Picture on 
the Wall TV.” Thinking was already going 
on 40 years ago about a flat-panel color TV, 
felt then to be the next step beyond the color 
CRT. 

As I recall, crossed-wire devices similar to 
gaseous displays or spark chambers were 
discussed. Transistors were just emerging 
into the commercial venue, and localized 
excitation of a fluor by hordes of transistors 
was put forth. Who could even think of LSI 
and submicrometer spacings of millions of 
devices! 

GE never did develop a commercial color 
tube, and not long after dropped out of tele¬ 
vision entirely. I did get a master’s thesis out 
of another phase of the laboratory’s work in 
color TV. 

Samuel C. Goldman 
Canton, Mass. 


Soiving the probiem 

Oh, how I agree with Robert Lucky [“Tech¬ 
nology isn’t the problem,” November 1993, p. 
14] about the scant recognition engineers get 
for essentially creating much of the wealth in 
our post-industrial society. 

For instance, will Larry J. Hornbeck, 
inventor of the digital micromirror device 
[“Mirrors on a chip,” November 1993, pp. 
27-31] ever get ±e public recognition that 
should be his if that technology revolution¬ 
izes flat displays? Not very likely. 

Another good example would be engi¬ 
neering physicists J. T. Randall and H. A. 
Boot, who at Birmingham University in the 
United Kingdom invented and perfected the 
magnetron in 1940. This device increased the 
output power of the British coastal radar 
transmitters by several orders of magnitude, 
probably contributing more than anything 
else to the final defeat of the Luftwaffe. 
These days the magnetron is the essential 
component in every microwave oven. Are 
the names of the inventors household words? 
Not exactly. 

The list of unsung scientists and engineers 
is long because of the inability of the aver¬ 
age voter and elected politician to relate to 
these sorts of accomplishments or to rec¬ 
ognize the immense value of the contribu¬ 
tions that engineers and scientists have made 
to health and the quality of life. 

One small step toward redressing the 
imbalance in the decision-making arena 
would be for the scientific and engineering 
community to push for the appointment of 
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Forum 

permanent scientific and engineering advi¬ 
sors in national and regional legislatures. 
These people would be appointed, based on 
their contributions to science and engineer¬ 
ing and their ability to communicate, by 
impartial panels drawn from industry and 
academia. They would participate directly 
in debates on issues that required scientific 
and engineering expertise for their resolu¬ 
tion. The votes would be recorded, but only 
the votes of the elected representatives 
would be counted. That arrangement would 
ensure that the balance of power would not 
be threatened. 

There are those who \vill ask: “If the bal¬ 
ance of power is not changed, why bother?” 
The answer is that issues such as jobs versus 
pollution, the feasibility of regulating new 
technology, and realistic schedules for zero- 
emission vehicles would have direct input 
from knowledgeable scientists and engineers 
while they were being debated. The advisors’ 
opinions would be the subject of public 
scrutiny and attention. 

Our society is becoming ever more fearful 
of the rapid advances in science and tech¬ 
nology, which it sees as increasingly difficult 
to predict or control. Such an approach to 
getting more qualified people into the deci¬ 
sion-making process might therefore find 
some support outside, as well as inside, the 
scientific and engineering community. 

Quentin Bristow 

Ottawa, Ont., Canada 


Don’t make problems 

I would like to respond to Samuel A. Bogen’s 
letter [December 1993, p. 7]. Bogen advises 
in some situations not to call a female asso¬ 
ciate by her first name “even if it is for the 
worthy purpose of showing that you have a 
woman associate.” 

What worthy purpose? What reason is 
there ever to make an issue of a colleague’s 
gender or race or any other physical char¬ 
acteristic? Please, don’t make me be a 
Woman Engineer; just let me be an engineer. 

Laura M. Stejfek 
Wisconsin Rapids, Wis. 


Calibration certification 

As president of the American Association for 
Laboratory Accreditation, it is my responsi¬ 
bility to keep abreast of the current trends in 
testing and calibration. I believe the article 
“Test and measurement” by Michael J. 
Riezenman [January, pp. 54-57] overesti¬ 
mates the value of ISO 9000 for trading in 
Europe. 

In fact, calibrations that are acceptable 
throughout Europe must come from either 
the national laboratories in a country or lab¬ 


oratories that have been accredited by one of 
the national laboratory accreditation systems 
to requirements in ISO Guide 25. The applic¬ 
able standard for calibration is Guide 25, not 
ISO 9000. 

Calibration certificates, to be acceptable in 
nine European countries that have a formal 
agreement on acceptance of each other’s cal¬ 
ibration certificates, must carry the logo of 
the accreditation organization, and these 
organizations use ISO Guide 25 as their 
requirement. 

In the United States, the National Con¬ 
ference of Standards Laboratories is devel¬ 
oping a new American National Standard for 
calibration laboratories. It, too, is based on 
Guide 25. 

John W. Locke 
Gaithersburg, Md. 


Postboc, non ergo pmpterboc 

Marvin R. Heembrock’s letter “On Spectral 
Lines” [January, pp. 8-9] commented on an 
earlier column regarding the possible uneth¬ 
ical behavior of engineers in what may have 
been fraudulent test results in the Strategic 
Defense Initiative (SDD. In his defense of the 
engineers’ possible deception in presenting 
test results, Heembrock states ±at “the 
threat of SDI, whether real or fabricated, was 
a major factor in the collapse of the Soviet 
Union.” This statement of supposed fact is 
unsupportable. 

As an engineer, Heembrock should know 
that any conclusion of a causal relationship 
between the existence of SDI and the col¬ 
lapse of the Soviet Union is nothing more 
than informed speculation at best. We have 
not performed, and are unable to perform, 
the experiment wherein the initiative does 
not exist under the same economic condi¬ 
tions that existed in the Soviet Union in 
August 1991. 

That is to say, we cannot find out if the 
Soviet Union would have collapsed in the 
absence of a “real or fabricated” SDL The 
statement that “if A follows B, then B caused 
A” is as flawed a piece of logic as anyone will 
ever see. Heembrock may very well believe 
that SDI contributed largely to recent 
changes in the government of the former 
Soviet Union, but he cannot know it to be a 
fact. 

Jerome Peirick 

St. Louis, Mo. 


Clearing up EMI 

Forum has proved very useful to me over the 
years for communicating facts and ideas of 
general interest. I would like to mildly protest 
the editors’ penchant for rewriting mater¬ 
ial, probably for brevity or perceived clarity, 
which may alter meanings. 

In my letter on “In-flight EMI” [December 


1993, p. 6], I had written to the effect that it 
is difficult to see how “plane waves” could 
be launched inside a congested box, trying to 
convey that their scattering through holes 
may not be a useful model for EMI. However, 
by transposing my negative statement to a 
question: “How could such waves be gener¬ 
ated...?,” followed by the added phrase “To 
begin with...,” it appeared that I was trying to 
explain how “plane waves” are, in fact, gen¬ 
erated. 

Leslie C. Hale 

University Park, Pa. 


Corrections 

In “Help from Cyberspace” on p. 15 of the 
November 1993 issue, the IP address of 
ftp.microsoft.com should have been 
198.105.232.1:21. 

On p. 70 of the issue, the Survo 84C soft¬ 
ware package for statistical analysis and 
related areas sells for US $400-$950. The 
contact is Survo Systems Ltd., Kuninkaan- 
tentammentie 7,00430 Helsinki, Finland; fax 
(358 0) 566 8146. (Note that 0 is the area 
code for Helsinki.) 

In the fourth line of Washington Watch 
on p. 66F of the December 1993 issue, the 
phone number should have been 1-800-ATP- 
FUND. 

On p. 50 of the January issue, the energy 
consumed by desktop computers should have 
been described as an estimated 5 percent of 
U.S. commercial (nonindustrial) electricity 
use. On the next page, two silicon-on-insula¬ 
tor memory devices should have been a 512- 
kb static RAM from IBM Corp. and a fully 
functional 64-kb dynamic RAM test device 
with 0.5-|xm design rules from Mitsubishi 
Electric (iorp. 

On p. 62 of the same issue, in the seventh 
line of the fourth paragraph, the total weight 
of the flywheel battery should have been 
given as 460 kg. 

On p. 16 of the February issue, the pho¬ 
tographs of software packages should have 
been transposed. The SystemView photo¬ 
graph belongs in the left-hand column and 
the BBN/Cornerstone photograph in the 
middle column.— Ed. 


Readers are invited to comment in this department 
on material previously published in IEEE Spectrum, 
on the policies and operations of the IEEE; and on 
technical, economic, or social matters of interest 
to the electrical and electronics engineering pro¬ 
fession. Short, concise letters are preferred. The Edi¬ 
tor reserves the right to limit debate on controver¬ 
sial issues. Contact: Forum, IEEE Spectrum, 345 E. 
47th St., New York, NY 10017, U.S.A.; fax, 212-705- 
7453. The e-mail (Internet) address is n.hantman® 
ieee.org. The computer bulletin board number is 
212-705-7308; the password is SPECTRUM. The 
line parameters are 1200 bits per second, no par¬ 
ity, 8 data bits, and 1 stop bit. For more informa¬ 
tion, call 212-705-7305 and ask tor the Author’s 
Guide. 
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Gathering data isn't so hard these days. Real¬ 
time information services, data acquisition 
systems, satellites, MRI scanners, and many 
other sources of information abound. All 

capable of generating more data than can 
be meaningfully interpreted. 

That's where PV-WAVE can help. 
PV-WAVE is designed to interactively 
manage, analyze, and display large and 
complex data sets. PV-WAVE is built around a 
powerful and flexible 4GL designed specifically 
for interactively analyzing data and building 
custom data analysis environments. 

PV-WAVE'S concise language can reduce 
your coding by up to 80%, so you can 
generate results quickly. 


Perform analysis 
and display of 
multiple real-time 
data sources, such 
as data acquisition 


To do this, the PV-WAVE product family 
provides Integrated mathematics and statis¬ 
tics, advanced graphing and plotting, custom 
GUI (Graphical User Interface) tools, real-time 
data monitoring, direct interfaces to SQL data¬ 
bases, connectivity to your existing 
application software, and even symbolic math 
capabilities. PV-WAVE readily accepts almost 
any data format, from rich HDF files, to raw 
ASCII data, to TIFF or bit-mapped data, and 
even custom data formats. 


Making it a snap to turn even the most 
complicated data sets into practical knowledge. 

So call us today, and learn how technical and 
financial customers the world over are using 
PV-WAVE to improve the speed and accuracy 
of their analyses and decision making. 


For additional information and a product demo, call: 

I-800-447-7I47 
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EVw^lch 


Northeast states tilt 
towarti California 

Electric vehicles got a strong boost on Feb. 
1 from the Ozone Transport Commission 
(OTC), which voted to recommend that its 
low-emission-vehicle CLEV) program be set 
up by the Federal Environmental Protection 
Agency (EPA) in 12 states and the District 
of Columbia. By so doing, the commission has 
forced the agency to initiate a public review 
of the recommendation. The commission 
was created by the Clean Air Act Amend¬ 
ments of 1990 to coordinate the regional de¬ 
velopment of control plans for ground level 
ozone in the Northeast and Mid-Atlantic 
states. 

In brief, the LEV program requires that, 
starting with the 1999 model year, each 
motor vehicle manufacturer must see to it 
that, as a group, all the passenger cars and 
light-duty trucks it sells within the Ozone 
Transport Region meet the standard for 
average fleet emissions specified by the Cal¬ 
ifornia Air Resources Board. Unlike Califor¬ 
nia, which mandates the composition of 
fleets, the commission’s program just speci¬ 
fies a fleet average level for emissions; it 
allows manufacturers to compose their fleets 
as they choose from among vehicles in five 
classes categorized on the basis of their emis¬ 
sion levels—from relatively high (California 
Tier D to zero-emission—just so long as the 
fleet average emissions goal is met. 

Officially, then, the Ozone Transport Com¬ 
mission’s program does not mandate the 
manufacture or sale of electric or hybrid 
electric vehicles. In practice, however, ac¬ 
cording to Sheila Lynch, executive director 
of the Northeast Alternative Vehicle Con¬ 
sortium in Boston, there is only way that the 
requirement for tropospheric ozone can be 
met—^by having some zero-emission vehi¬ 
cles, which in effect, means electrics. 

The American Automobile Manufacturers 
Association would seem to agree. In its 
response to the commission’s action, it said, 
“The OTC proposal appears to be the Cali¬ 
fornia standards simply under a different 
name.” 

Commenting on the commission’s vote, 
Timothy R.E. Keeney, chairman of its OTC 
LEV Committee, and commissioner of the 
Connecticut Department of Environmental 
Protection, held out even more hope for EVs. 
“While this proposal does not establish a 
zero-emission vehicle sales mandate, it does 
envision that [zero-emission] and other 
advanced clean vehicle technology, like elec¬ 
tric cars, will not be left behind on the shelf.” 

Interestingly, the ozone commission’s pro¬ 


gram adopts California’s emissions standards 
vwthout mandating its reformulated gaso¬ 
line standards anywhere in the Ozone Trans¬ 
port Region. If anything, that combination 
of action and inaction would seem to 
strengthen the case for EVs. Cars powered 
by internal combustion engines will, after 
all, be harder pressed to meet the emissions 
requirements vwth conventional fuel than 
they would be if they could count on a sup¬ 
ply of reformulated gasoline. In consequence, 
the need for zero-emission vehicles to lower 
fleet average emissions would appear to be 
all the greater. 

Only four of the 13 members of the com¬ 
mission—Delavrare, New Hampshire, New 
Jersey, and Virginia—^voted against its 
action. Representatives from those states 
expressed doubts about the cost-effective¬ 
ness of the OTC LEV program. 


Art students tackle EV design 

Students will consider the issue of home EV 
charging stations and will attempt to come 
up with designs both for such stations and for 
compatible EVs in a program at the Art Cen¬ 
ter (College of Design in Pasadena, Calif. The 
program is sponsored by the Electric Power 
Research Institute (EP^ of Palo Alto, Calif. 
EPRI believes the program worthwhile, not 
only for the answers it may yield to a number 
of vexing questions, but also because it “...will 
help increase public awareness of the many 
benefits of electric transportation.” So said 
Gary Purcell, project manager for EPRI’s 
Transportation Program. 

One issue the students will weigh will be 
the possibility of hands-free charging. EPRI 
calls it “autodocking.” The lucky owner would 
simply park the vehicle in a garage at the end 
of the day without even thinking about charg¬ 
ing. By morning, the car would have been fully 
charged, and sweeter yet, its interior would 
have been heated or cooled, as necessary. 

The scheme will require that many prob¬ 
lems be addressed. Among them: the cost 
of installing an autodocking system, compat¬ 
ibility with curbside and other public-access 
charging facilities, and safety—^making sure 
that the system neither harms nor is harmed 
by children and pets. 

In all likeliho(^ a successful autodocking 
system will be of the inductive variety— 
either of the high-frequency “insertion” type 
or the line-frequency “proximity” sort. Both 
use a split transformer in which the flux path, 
or core, is in two parts, with the primary 
wound around one and the secondary around 
the other. 

The insertion type is exemplified by 
Hughes Power Systems Corp.’s Magne- 


Charge system, in which the part of the core 
with the primary winding slips inside the 
other through a slot on the vehicle. In the 
Hughes system, the primary is contained in 
a unit about the size and shape of a ping-pong 
paddle. To keep it small and light, the pad¬ 
dle excitation has a frequency in the high tens 
of kilohertz. 

Proximity chargers, like those built by 
Inductran Corp., Albany, Calif., typically have 
a primary embedded in the floor or mounted 
on a wall stand, and a secondary mounted 
on the vehicle. To use them, the driver parks 
the vehicle so that the secondary is close to 
the primary. Many such systems are already 
in use for charging fork-M trucks and auto¬ 
matically guided robotic vehicles in auto¬ 
mated warehouses. 

The students will formally present their 
results to EPRI executives on April 14. The 
models they build will be displayed at the 1994 
National Electric Vehicle Infrastructure Con¬ 
ference, which will take place in Anaheim, 
Calif., from Dec. 5-7. 


Formula Lightning to debut in Phoenix 

When the fourth annual APS Electric 5(X) is 
run this month at the Phoenix International 
Raceway in Arizona, it will feature a new class 
of race cars, the Formula Lightning. Designed, 
built, and tested by the Phoenix-based Solar & 
Electric Racing Association (SERA), the For¬ 
mula-style vehicle is believed to be the first 
modem competition test vehicle intended 
from the outset to be electrically powered. 

According to SERA, its goal in creating the 
new class was to provide “...totally equal, 
complete rolling chassis less only batteries, 
motor, and controller so that companies can 
install their products and dramatically show 
their electric power and drive technologies 
on our nation’s race courses.” That goal is 
shared by the Goodyear Tire and Rubber Co., 
Akron, Ohio, which will supply tires to all 
Lightning race teams. 

The Lightning chassis weighs about 450 
kg and sells for US $25 000. According to 
SERA president Ernie Holden, veteran driv¬ 
ers of conventional racing cars are enthusi¬ 
astic about the new class. In fact, two who 
have test-driven a prototype have agreed to 
drive production Lightnings in actual races. 

Sponsored by the Arizona Public Service 
Co. and the U.S. Department of Energy, the 
APS Electric 500 is a series of races for five 
classes of entrants; it will run from March 
18-20. 


EDITOR: MichaelJ. Riezenman 
CONSULTANT: Victor Wouk, Victor Wouk 
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Books 


Can technology save television? 

Barrett Haze/tine 

Why think about life after television? Be¬ 
cause television will not survive once fiber 
optics reaches most homes and versatile 
computing chips are available to craft the bits 
and bytes brought in to fulfill users’ desires. 
Or such is the claim made here. 



and analog signals nearly impossible to store 
and process, television is bound to lose view¬ 
ers to more flexible digital signals delivered 
through a fiber channel with essentially no 


bandwidth limitations. From the broad offer¬ 
ings on this channel, people will be able to 
select programs of special interest to them, 
rather than accept the “lowest common 
denominator” fare now shown on commer¬ 
cial TV. 

Digital transmission will mean images can 
be stored and manipulated, permitting en¬ 
hanced motion-compensation effects for 
sports events, truer color fidelity for travel¬ 
ogs, and a choice of cameras for such spec¬ 
tacles as presidential inaugurations and 
Super Bowls. The viewer will be in control, 
not the producer. 

The argument goes as follows: when elec¬ 
tronics was expensive and viewers were few, 
it made sense to have simple receivers, with 
program content and the broadcast method 
decided at the transmitter. Technology and 
economics dictated the use of analog-radio 
transmission. But simple TV receivers and 
analog transmission squander the radio spec¬ 
trum on relatively few channels, necessitat¬ 
ing the production of programs perceived 
as having the widest appeal. Such programs 
have been criticized as being culturally and 


morally degrading and for turning the viewer 
into a passive recipient. The paucity of chan¬ 
nels, moreover, allowed few opportunities for 
creative expression and so impoverished 
both artists and viewers. 

New technologies—fiber optics and digi¬ 
tal circuitry—have now removed the his¬ 
torical constraints, making possible a greater 
variety of programming and the ability to use 
that variety at the receiver—and at reason¬ 
able cost. Gilder concludes by insisting that 
people will opt for their (mostly) more 
enlightened special interests when they can, 
rather than settle for the puerile or insipid 
offerings intended for a mass market. A wide 
range of opportunities therefore enriches 
their lives. 

The parallel given is the demise or diminu¬ 
tion of the general-interest magazines— Col¬ 
lier’s, Life, Look, and The Saturday Evening 
Post—and the proliferation of specialized 
magazines. Other examples could be fast 
food chains, which have been forced to 
expand their menus, or automated teller 
machines, which have given customers more 
control. Gilder’s long explanations of the new 
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technologies, though, are obviously aimed at 
people less familiar with communication 
technology than nearly all the readers of this 
magazine. 

A case study detailing the implications of 
letting the user decide incorporates a new 
twist on commercial databases. Present-day 
systems are expensive to use, with about 90 
percent of the cost being telephone line 
charges, much of which is incurred search¬ 
ing for, rather than transmitting, the desired 
information. A more sensible approach, vtdien 
communication capacity is nearly free and 
switching can be done cheaply at the user’s 
personal computer, would be to send the 
whole database on the fiTser channel for the 
user to manipulate at will. The software 
would keep track of what information was 
actually extracted, and the user would pay for 
that, ra±er than for the time spent on ±e 
terminal. 

Such a system is being developed by a 
start-up company. Cryptologies, headed by 
Peter Sprague, chairman of National Semi¬ 
conductor Corp. In fact, most commercial 
applications of such a system probably would 
not require the fiber chaimel, as users could 
simply order a compact disc for delivery 
overnight. 

If the technology is more or less in place 
for “telecomputing,” the expected coales¬ 
cence of television and computing, ±en why 
are we still waiting for it? In three words: the 
political system, according to Gilder. The 
main problem is the regulatory constraints 
on the Bell Operating Companies. In the 
United States, only the Baby Bells have the 
cash and the demand for fiber that will allow 
domestic producers, including AT&T Co., to 
build capacity and roll down the learning 
curve faster than Japanese companies. The 
Baby Bells, however, must justify their 
investments to state regulators, are excluded 
from information-based businesses, and can¬ 
not purchase from AT&T. 

Furthermore, U.S. technological strength 
historically has been based largely on the suc¬ 
cesses of entrepreneurs. However, they have 
been hindered by present economic condi¬ 
tions—tax-based disincentives for investors 
in the United States to take risks and the low 
value of the U.S. dollar. The upshot has been 
that non-U.S. investors are coming to domi¬ 
nate venture capital for computer-related 
start-ups. 

The weakest aspect of Gilder’s argument 
concerns people, not technology. A sophisti¬ 
cated digital computer and display will cer¬ 
tainly cost more and require more effort to 
use than the familiar analog receiver. The 
unanswered question is, what will viewers 
want or use? Or, more to the point, how soon 
will the technology be sufficiently inexpen¬ 
sive and user friendly to create a significant 
demand? As Gilder points out: “The real 
choice today is between personal comput¬ 
ing and consumer electronics....” Many peo¬ 
ple would like to know which will be chosen. 


As noted earlier, the intended reader is 
probably not the typical IEEE Spectrum sub- 
scriberwvho may very well have been part of 
the technological advances Gilder writes 
about. In fact, the technical explanations 
given may put off some engineers. 

The message is aimed at policy makers, 
either in companies or in government. To 
industrial leaders, the advice is to prepare for 
a digital world connected by fiber optics. 
Gilder refers to the well-known prophecy of 
Nicholas Negroponte of the Massachusetts 
Institute of Technology: TV will come 
through the wide band of fiber, and voice. 


through the flexibility offered by the air; and 
the user will expect much more control over 
what he or she views. To government lead¬ 
ers, the advice is to liberate the Baby Bells. 

This is an interesting and engaging book. 
Nearly all readers will be provoked into 
thinking about what TV viewers want and 
will pay for, and how such individual decisions 
will influence our national culture. 

Barrett Hazettine is professor of engineering at 
Brown University in Providence, R.i. He has been 
active in the New Liberal Arts Program of the Alfred 
P. Sloan Foundation, which is concerned with the 
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Books 

teaching of technology to students outside engi¬ 
neering. His teaching and research interests include 
the influence of technological choices on economic, 
political, and societal issues. 

Fnm here to eternity 

Reuben Hersh 

By chance, the same day I read this book, I 
also had picked up Lucretius’ De Rerum Nat¬ 
urae (On the Nature of Things). Lucretius 
was a great poet who undertook to explain in 
verse everything under the sun, in accor¬ 
dance with the teaching of Epicurus. “What 
you see, hear, smell, taste, and touch is all 
there is, and it’s exactly what it seems to be,” 
he wrote. 



Darling writes prose, but what he has 
undertaken is even more ambitious than 
Lucretius’ aim. In all seriousness, he has set 
out to present the history of the universe, 
including mind and man, from the formation 
of planet Earth to the end of time! The book 
is a stirring work of prophecy, wearing a 
mask of science. It is readable and, in places, 
well written. 

Philosophically, it is an incoherent mix of 
scientism (the universe to the end of time is 
forecast by 1990s’ physics and cosmology, 
with a heavy dose of Kiplingesque trium¬ 
phalism) and extreme empiricism (“Every¬ 
thing—the ‘outside’ world, your body, and, 
curiously enough, the very substance of your 
brain—is part of the experience that the 
brain creates.... When we look at a clock, a 
Geiger counter, we are watching only a sub¬ 
jective mental model fabricated within our 
brains.”). Darling does not notice the incon¬ 
gruity between total confidence in theories 
we learn from telescopes and cyclotrons and 
skepticism that the chair he’s sitting in is a 
chair or that the sky is blue. Lucretius at least 
kept his epicureanism straight. 

In early chapters Darling tells stories 
about the “two brains” each of us has, and the 
origin and prehistory of Homo sapiens, which 
kindness judge as myth, not science. The 
excitement comes in the remote, very re¬ 
mote, and extremely remote future. 

“Theory suggests there are possible path¬ 
ways through a spinning black hole that avoid 
any dangerous singularities and that travel 
instead along a space-time tunnel known as 


a wormhole,” Darling writes. “The far end 
of the wormhole, astonishingly, may lie mil¬ 
lions or billions of light-years away and be dis¬ 
placed by huge periods of time from the 
entrance....” 

Darling then imagines a growing network 
of such wormhole pairs Unking star systems 
and galaxies. He sees them as the equiva¬ 
lent of freeways, which would link “major 
objects such as galaxy clusters, while branch 
lines radiated out from the main terminals 
within a cluster to individual galaxies and 
then to individual stars. The likeUhood is that 
we would have to construct all of this net¬ 
work from scratch, since the chances of nat¬ 
ural black holes and wormholes being in 
handy locations is not very great.” 

Darling goes on to the possibiUty of cre¬ 
ating entirely new, viable universes. “Essen¬ 
tially this would involve setting up the desired 
initial state of the new universe inside a 
wormhole, just as we can prepare, say, a pri¬ 
mordial planetary atmosphere in laborato¬ 
ries today... Then the ends of the wormhole 
would be pinched off to produce a completely 
separate region of space-time,” he continues. 
“The disconnected wormhole—now a new 
universe, or ‘babyverse’ in its own right— 
would subsequently evolve from the initial 
state we prescribed.” 

DarUng argues that this evolution could 
involve something like “the Big Bang, which 
started our own universe, followed by a 
lengthy period of rapid expansion.. .we would 
free the infant cosmos to develop at a rate 
entirely outside our own time stream. It 
might, for instance, grow to be billions of 
light-years across in just a few minutes or 
hours as measured by our own clocks.” 

A space-time link with the babyverse 
would have to be reestablished, requiring us 
to compute its whereabouts in hyperspace 
relative to our own cosmos. 

“In time, we might even discover how to 
prime a babyverse so that it went on to 
develop advanced life-forms,” Darling sug¬ 
gests. “Through a subsequent space-time 
link, we could then establish communication 
with any intelligent inhabitants and let them 
know that we were their makers—in effect, 
their god. Perhaps, knowing how the trick 
was done, they would go on to spawn their 
own, third-generation universes. Or—a dis¬ 
turbing thought—^perhaps all this has hap¬ 
pened before, and in truth, our cosmos is 
someone else’s babyverse.” 

Sadly, though, we never are shown the 
“equations of eternity” he mentions in his 
title. I would have liked to learn more about 
some of the remarkable scientific facts and 
quotations that Darling presents, but there is 
no bibliography, no footnotes. Occasionally, 
too, authors are mentioned without a jour¬ 
nal name or year. 

Reuben Hersh is professor of mathematics at the 
University of New Mexico in Albuquerque. He is 
coaufhor ofDescartes' Dream: The World Accord¬ 


ing to Mathematics (Harcourt Brace Jovanovich, 
New York, 1986). He has faught af Sfanford Uni¬ 
versity and was a visiting scholar at the Center for 
Research and Advanced Studies in Mexico City. 


EDITOR: Glenn Zorpette 


Recent books 


Expert Systems in Business and Finance: 
issues and Appiicatinns. Watkins, Paul R., 
and Eliot, Lance B., John Wiley & Sons, New 
York, 1993,367 pp., $49.95. 

Effective Empioyee Orientation./^^, Linda 
A., American Management Association, New 
York, 1993,102 pp., $10.95. 

User interface Soffware. Bass, Len, and 
Dewan, Prasun, John Wiley & Sons, New 
York, 1993,201 pp., $38.95. 

Untangling Organizational Gridlock: Strate¬ 
gies for Building a Cusfomer Focus. Bechtell, 
Michele L., Amacom, New York, 1993, 347 
pp., $27.95. 

Abstract Oata IVpes in Standard ML. Harri¬ 
son, Rachel, John Wiley & Sons, New York, 
1993,212 pp., $44.95. 

Everyday Heroes of the Ouality Movement: 
From Taylor to Oeming—The Journey to 
Higher Productivity. Gluckman, Perry, and 
Roome, Diana Reynolds, Dorset House, New 
York, 1993,195 pp., $22.75. 

The Peter Norton PC Programmer’s Bible. 

Norton, Peter, et al., Microsoft Press, Red¬ 
mond, Wash., 1993,632 pp., $29.95. 

Computational Electromagnetics. Uma- 

shankar, Korada, Artech House, Norwood, 
Mass., 1993,717 pp., $88. 

Fundamentals of Electronic Imaging Sys¬ 
tems: Some Aspects of Image Processing, 
3rd edition. Schreiber, WF., Springer-Verlag, 
Newark, N.J., 1993,332 pp., $54. 

Incompressible Computational Fluid Uynam- 
ics: TIends and Advances. Gunzburger, M., 
and Nicolaides, R., Cambridge University 
Press, New York, 1993,481 pp., $59.95. 

Chemical Searching on an Array Processor. 

Wilson, Terence, John Wiley & Sons, New 
York, 1993,197 pp., $115. 

Computer Words You Gotta Know! Freed¬ 
man, Alan, Amacom, New York, 1993,174 pp., 
$12.95. 

Engineering Electromagnetism., Fuller, 
Baden A.J., John Wiley & Sons, New York, 
1993,294 pp., $37.95. 
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WE'VE EXAGGERATED HOW MUCH 
CALCULATIIMG POWER IS IN NEW MATHCAD PLUS 5.0. 
BUT ONLY SLIGHTLY. 


It gives you more advanced 
math capability than ever before. It 
lets you tackle harder problems and 
solve even tougher equations. In short, 
it’s the most powerful, most advanced 
version of Mathcad* ever released. 

And that’s no exaggeration. More 
powerful than spreadsheets or calculators, 
easier than programming languages, new 
Mathcad PLUS 5.0 gives engineers, scientists 
and educators more tools to do calculations 
with greater speed and ease. 

You get more functionality for 
derivatives and integrals, differential equations, adv 
vector and matrix operations, statistical functions, cur\'e 
fitting, and fast Fourier and wavelet transforms.’ You can 
choose from a wider range of symbolic capabilities, and 

graph in 2-D and 3-0 
polar, contour and para' 
metric plots. MathSoff’s 
Electronic Books, based 
on the most popular ref¬ 
erence books, let you 
instantly cut and paste 
hundreds of formulas into your work. And with Mathcad 
PLUS Function Packs you can add even more remarkable 

MathSoft, Inc. P.O. Box 1018, Cambridge, MA 02142-1519 USA • Phone; 1-800-967-50 
Phone; +44.506.460373 • Fax; +44.506.460374 © 1994 MathSoft, Inc. TM and ® signify 


calculating power in specific dis¬ 
ciplines like signal processing, data 
analysis, statistics and graphics. 

Plus, like its Mathcad predeces¬ 
sors, it’s as easy and intuitive as using a 
scratchpad. Simply enter equations in 
real math notation anywhere on Mathcad 
PLUS 5.0’s on-screen worksheet. Add text 
and graphics. Change variables and instantly 
update your work. Mathcad PLUS 5.0 calculates 
answers quickly and accurately, then prints your 
results in impressive, presentation-quality documents. 
So try Mathcad PLUS 5.0 today, and tomorrow 
ten times more productive. Well, maybe we’re 
exaggerating again. But only slightly. Mathcad PLUS 5.0 
$29925' Jq order, or to receive even more 
call 1-800-967-5075 . Or mail or fax the 
coupon below (Fax: 716-873-0906). 


r’FREE MATHCAD PLUS B.d INFORMATION KIT "j 

Tiore information on Mathcad PLUS 5.0, mail or fax this coupon. 1 
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TECHNICAL KNOCKOUT 

They sure scored a direct hit 
when they said our new DON 
module “packs a waiiop!" in 
fact, every DON moduie comes 
out swinging with an astound¬ 
ing 133 MFLOPS and 64 Mbytes 
of DRAM in a one-two punch 
that weighs in smaller than a 
3y2-lnch floppy. 

Ariel’s DON module “packs 
a real DSP wallopr 

Computer Design Magazine 
10/93 

Each DON module carries four 
AT&T DSP3210S — floating-point 
DSPs designed for iow-cost, 
high-power multiprocessing. 
Squeeze four DON moduies onto 
an ISA, VME or NuBus board and 
you’ve got a roundhouse that’ll 
knock the competition right out 
of the ring. 

NO GLASS JAW 

The DON module’s VCOS™ 
operating system is optimized 
for multiprocessing, too. Load- 
baiancing across multiple 
processors guarantees your 
multitasking DSP system wiii 
never go down for the count. 

TAKE OFF THE GLOVES 

Ariei’s DON moduie is ready to 
add some reai punch to your 
DSP appiications, starting now 
with our new DC-4 DON carrier 
card for the ISA bus. Call us 
today to find out more. We think 
you might even call the DON 
module “the greatest" 

Artel _ 

433 River Road Highland Park, NJ 08904 
Tel: (908) 249-2900 Fax: (908) 249-2123 
email: arlel@arielxom 


Calendar 

Meetings,Conferences, and Conventions 


MARCH 


Multi-chip Module Conference (ED); 
March 15-18; The Cocoanut Grove, Santa 
Cruz, Calif.; David P. LaPotin, IBM Thomas 

J. Watson Research Center, Box 218, York- 
town Heights, NY 10598; 914-945-2586; fax, 
914-945-4469. 

Networks for Personal Communica¬ 
tions—NPC ’94 (NJ Coast); March 16-18; 
Ocean Place Hilton, Lzrng Branch, N.J.; Vijay 

K. Varma, Bellcore, 3X-325, 331 Newman 
Springs Rd., Red Bank, NJ 07701-7040; 908- 
758-2811; fax, 908-758-437L 

20th Northeast Bioengineering Con¬ 
ference (EMB); March 17-18; Western New 
England College, Springfield, Mass.; James 
V. Masi, Department of Electrical Engineer¬ 
ing, Western New England College, Spring- 
field, MA 01119; 413-782-1344; fax, 413-782- 
1746. 

International Conference on Expert 
Systems for Development (C); March 
18-21; Asian Institute of Technology, Bang¬ 
kok, TTiailand; IEEE Computer Society, Con¬ 
ference Department, 1730 Massachusetts 
Ave, N.W., Washington, DC 20036-1992; 202- 
371-1013; fax, 202-728-0884. 

26th Southeastern Symposium on Sys¬ 
tem Theory (C, Columbus Section); March 
20-22; Stocker Center, Ohio University, 
Athens; Dennis Irwin, Department of Elec¬ 
trical and Computer Engineering, Ohio Uni¬ 
versity, A±ens, OH 45701; 614-593-1922; fax, 
614-593-0007. 

International Systems Test and Diag¬ 
nosis Workshop (C); March 20-24; Mar¬ 
riott Hotel, Annapolis, Md.; Colin Maunder, 
BT Laboratories, Martlesham Heath, Ips¬ 
wich IPS 7RE, United Kingdom; (44-^473) 
642 706; fax, (44+473) 642 459; e-mail; 
WJ'.simpson@mcimail.com. 

Second International Workshop on 
Configurable Distributed Systems (C); 
March 21-23; Carnegie Mellon University, 
Pittsburgh; IEEE Computer Society, Con¬ 
ference Department, 1730 Massachusetts 
Ave., N.W., Washington, DC 20036-1992; 202- 
371-1013; fax, 202-728-0884. 

Capacitor and Resistor Technology 
Symposium (CHMT); March 21-24; Jupiter 
Beach Resort Hotel, Jupiter, Fla.; Clay 
Hamiter, Components Technology Institute 


Inc., 904 Bob Wallace Ave., Suite 117, 
Huntsville, AL 35801; 205-536-1304; fax, 205- 
539-8477. 

International Conference on Control 
’94 (UKRI Section); March 21-24; Univer¬ 
sity of Warwick, Coventry, Britain; Louise 
Bousfield, Conference Organizer, lEE Con¬ 
ference Services, Savoy Place, London 
WC4R OBL, Britain; (44+71) 344 5467; fax, 
(44+71) 497 3633. 

International Conference on Micro¬ 
electronic Test Structm-es (ED); March 
22-24; Catamaran Resort Hotel, San Diego, 
Calif.; Sandra Grawet, All About Meetings 
Inc., 2301 Artesia Blvd., Suite 12-101, Re¬ 
dondo Beach, CA 90278; 310-371-3438; fax, 
310-371-1567. 

Joint Railroad Conference (VT); March 
22-24; Palmer House Hilton, Chicago; W. 
Robert Moore, Parsons De Leuw Inc., c/o 
Chicago Circulator Project, 125 W. Wacker 
Dr., Chicago, IL; 312-357-2221. 

Sixth International Conference on 
Indium Phosphide and Related Mate¬ 
rials—IPRM (ED, LEO); March 28-31; Red 
Lion Resort, Santa Barbara, Calif.; Susan 
Evans, lEEE/LEOS, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3896; fax, 908-562-157L 

Symposium on Electromagnetic Com¬ 
patibility (SCV/EMCC); March 29-30; 
Santa Clara Convention Center, California; 
David M. Hanttula, IEEE SCV EMC ’94, Box 
2102, Cupertino, CA 95015; 415-390-1071; fax, 
415-962-9439. 

Data Compression Conference—DCC 
’94 (C); March 29-31; Cliff Lodge, Snowbird, 
Utah; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., N.W., 
Washington, DC 20036-1992; 202-371-1013; 
fax, 202-728-0884. 

National Radar Conference (AES, 
Atlanta Section); March 29-31; Holiday Inn 
Crowne Plaza Ravinia, Atlanta, Ga.; Robert 
N. Trebits, Georgia Tech Research Institute, 
7220 Richardson Rd., Smyrna, GA 30080; 
404-528-7769; fax, 404-528-7883. 

Southcon ’94 (Region 3, Florida CoimciO; 
March 29-31; Orange County Conven¬ 
tion/Civic Center, Orlando, Fla.; JoAnn Lind- 
berg, ECM, 8110 Airport Blvd., Los Angeles, 
CA 90045; 800-877-2668; fax, 310-641-5117. 

(Continued on p. 71) 
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Mathematica 


Ca//Now For Our 


RUNNING INTO A WALL 
WITH YOUR OTHER SOFTWARE? 



Engineers and scientists 
with other technical soft¬ 
ware can do fine...within 
certain boundaries. But try 
to find something useful, 
such as the EFT of an array 
whose size is not a power of 
two, or compute the value 
of a Bessel function with 
complex arguments, and 
you hit a wall. With Mathe¬ 
matica, common obstacles 
like these don't stop you in 
your tracks. 


Over 50 Mathematica-related books, 
journals, and tutorials are available 
to get you started and keep you 
going. And for personal assistance, 
■ you can always count on our techni¬ 
cal support staff. So go on, get 
back to work. With the power 
of Mathematica behind you, 
there's no telling how far you 
will go. 


To get the latest information call: 

1-800-441-MATH 


i 


Mathematica easily gets 
you through the every¬ 
day calculations quickly and effi¬ 
ciently. And when you run into 
something new, Mathematica helps 
you right through that, too. If the 
answer's not in one of the over 900 
built-in functions or more than 100 
special-purpose packages that come 
with the program, you can cus¬ 
tomize the program and build your 
own functions. 


formulas, and graphics that can be modified within 

Ask one of the many engineers that 
have been using Mathematica for 
years, at companies both large and 
small around the world, and they'll 
tell you Mathematica has never let 
them down. In fact, with unsur¬ 
passed graphic capabilities and a 
unique notebook feature to present 
your work to others, it can actually 
make you look even better than ever. 



Wolfram Research 

Wolfram Research. Inc. 

217-398-0700: fax; 217-398-0747; email: info@wri.mm 
For European inquiries: 

Wolfram Research Europe Uil. 

+44-(0)993-883400: fax: 444-(0|993-883800: emaii: info-euro@wri.com 
Representatives in over 30 countries; contact main office. 


Only Mathematica notebooks enable users to create interactive documents 
combining text, live 
the document 
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IEEE 488.2 

for Your Notebook Computer 



Plug-In PCMCIA Interface | 

• Type II card 

• Low power consumption 

• PCMCIA PC Card Standard 2,01 compliant 

• “Hot insertion’ capability 

• TOT4882C™ IEEE 488.2 contoUer ASIC 


Parallel-GPIB External 


• Four parallel port modes - unidirectional, 
bidirectional, EPP, and ECP 

• Compatible with IEEE PI 284 standard 

• Second parallel port for pass-through operation 

• Compact size, AC and DC power option 

• TNT4882C IEEE 488.2 controfler ASIC 


RS 232 GPIB External Controller! 

• Compact size, internal switching power supply 

• NAT4882* IEEE 488.2 controUer ASIC 

Mproducts include DOS and Windows GPIB software 


Call for FREE 1994 Catalog 
■■ 433-3488 W~ 


6504 Bridge Point Parkway 
Austin, TX 78730-5039 
Tel: (512)794-0100 

95(800)0100793 (Mexica) 
Fax: (512)794-8411 


AUSTRALIA 03 879 94 


• AUSTRIA 0682 435986 


_IM 02 757 00 20 • CANADA519 622 93 ._ 

DENMARK 45 76 26 00 • FINLAND 90 527 2321 


ITALY 02 48301892 • 


03480 33466 • NORWAY 32 848400 


© Copyright 1994 National Instruments Corporation. All rights 
resent. Product and company names listed are trodemarks or trode 


Speakout 


In academe's grungy groves 

Analyzing the shortcomings of the U.S. engi¬ 
neering education system is a growth indus¬ 
try. There have been numerous editorials, 
commission reports, commentaries, and 
complaints on the subject. Blame has been 
placed on every party in sight, including the 
secondary school system, television, unin¬ 
volved parents, high school science programs 
and teachers, legislators, high equipment 
cost, obsolete laboratories, textbooks, and 
curricula. But has anyone taken a careful 
look at the environment within the university 
and its effect on the engineering faculty? 

Here are some anecdotal reports to start 
such an examination. I have intentionally lim¬ 
ited them to a factual recounting of events as 
they actually occurred; readers are left to 
draw their own conclusions without being 
influenced by my biases (any more than is 
implicit in the choice of the anecdotes). 

• In the August 1990 issue of the IEEE Elec¬ 
tron Device Letters, editor John Brews re¬ 
ported the detection of the simultaneous 
publication in two places of a paper by U.S. 
academics—in his ovra journal and in Ap¬ 
plied Physics Letters a few months earlier. 
The same issue, carrying the editor’s repri¬ 
mand and call for vigil, contains only one 
other paper by U.S. academics. That paper, 
too, virtually duplicates one published a 
month earlier in the July 5,1990, issue of 
Electronics Letters. 

• The editor of an IEEE Transactions sent 
me a manuscript to review. It was difficult for 
me to determine if the technical content of 
the manuscript merited publication, because 
the writing was appalling: it contained dozens 
of spelling errors, grammatical mistakes, 
undefined terms, incomplete sentences, cita¬ 
tion errors, and inappropriate choices of 
terms and words. The paper had five authors, 
three of whom are established professors at 
as many well-known U.S. research universi¬ 
ties. The first author was a foreign student 
at one of those institutions. 

• A few years ago, I interviewed an appli¬ 
cant for a job who had just finished ±e work 
for a doctorate in engineering at a well- 
known university. The candidate had an 
exceptionally narrow focus and no back¬ 
ground, because “hone was needed,” in any¬ 
thing other than the topic of ±e dissertation. 
The explanation offered was that the doc¬ 
toral work was done in a hurry on a “con¬ 
tract” basis: the thesis supervisor needed a 
device with a particular structure to meet his 
commitments to some research sponsors, 
and the student was promised a doctorate 
upon completion of that device. 

• A friend at a state university recently re¬ 
counted that his engineering college had 


hired an established researcher as a faculty 
member, but that this individual had left after 
only two years. The narrator lamented the 
loss of his department’s investment, pointing 
out that the person had been assigned to 
teach exactly one course in these two years. 

• Some time ago I dined with a senior faculty 
member from an engineering college at a 
large state university in the southwestern 
United States, who was recruiting assistant 
professors for his department. During the 
meal, he revealed the position of his depart¬ 
ment on good teaching: “The teaching has to 
be good enough that no complaints from stu¬ 
dents reach the dean. Beyond that, if a fac¬ 
ulty member spends more than the minimum 
effort, and tries to be an excellent teacher, in 
our view he does so for his own enjoyment, 
and should not expect the department to 
reward him for pursuing his hobby.” 

• A heated and loud conversation between an 
undergraduate student and a professor 
(mildly well-known in his field of research), 
overheard by me in the hallway at a state uni¬ 
versity, reached this climax: 

Student: “It is your duty—you are paid by 
our tax dollars.” 

Professor: “No, I’m not—I bring in more 
research dollars than the university pays me.” 

• As is well known, faculty openings in engi¬ 
neering colleges tend to be dominated by the 
so-called “junior” positions (assistant profes¬ 
sorships, especially for recent graduates). A 
survey of the annoimcements for the 
“senior” positions shows that they mention 
the aggressive pursuit of research funding 
and/or sponsorship more than four times as 
often as excellence in teaching. 

• Some years ago, during a visit to a cam¬ 
pus clamoring for more space and money for 
engineering laboratories, I was surprised to 
find not one but two well-equipped labora¬ 
tories devoted to experimental research in 
the same equipment-intensive and expensive 
field of work. Their independent existence 
stemmed from the fact that they belonged to 
two professors who, it was explained to me, 
“get their own funding.” 


MadhuS. Gupta 

An expatriate from academia, Madhu S. Gupta was 
a faculty member for 15years and still enjoys teach¬ 
ing occasionally at the University of California at Los 
Angeles. He is a senior member of the technical staff 
at Hughes Aircraft Co., Torrance, Calif 


Smart cars may not be smart 

Much is being made of “smart” cars navigat¬ 
ing automatically on intelligent vehicle high¬ 
way systems. The assumption is that 


16 


Circle No. 9 


IEEE SPECTRUM MARCH 1994 























The Report 
OnPowerfc 


Macintosh Compatibility and Upgrades 


PowerPC will 
easily outrun Intel’s 
acclaimed Pentium 
microprocessor, 
but will do so at a 
fraction of the cost. 


By taking advan¬ 
tage of superior 
RISC technology, 
PowerPC requires 
half the number of 


as Pentium. And 
fewer transistors 
make for smaller, 
cheaper, more 
energy-efficient 


Macintosh with 
PowerPC will use 
System 7 so it will 
run the thousands 
of applications 
currently available 
for the Mac.® 


Upon the arrival 
of Macintosh with 
PowerPC, dozens 
of new programs 
designed to take 
advantage of its 
speed will also be 
available. 


run all their 
programs on the 
PowerPC plat¬ 
form from Apple.* 


Macintosh with 
PowerPC has 
received rave 
reviews from devel¬ 
opers who report 
workstation-level 
performance run¬ 
ning applications 
designed just 
for the PowerPC 



PowerPC" is comii^. The iwoki- 
.tionary RISC-based micropro¬ 
cessor family created jointly 
by Apple, IBM and Motorola. It 
jbe the engine that i^ple uses to generate tlie first 
:tnil\' radical improvements in mainstream comput- 
|ing systems. Improvements in power, price/perfor- 
Imance and functionality. It will also serve as the 
■heart of the next generation of Mficintosh' personal 
computers, coming in the first half of 1994. In antic¬ 
ipation of ite arrival, Apple wiH be running a series 
of information-rich reports keeping you abreast of 
all the exciting new advancements you can expect 
from Macintosh with PowerPC. 


Compatible with the Mac you’re 
working with now. 


:i yuu iMi cuiiLUiue 


Macintosh with PowerPC will bring a new level of 
performance to your desktop, iet you can continue 
to work with all your current files, 
applications and peripherals in 

I the same way you work with them now. It’s 
iSfawith all the Miicintosh computers and 
software you already' own, protecting any investment 
I already made with Apple? Therek no retrain- 
irg. No rethinking. No re- anything. 


A more powerful Macintosh. 

PowerPC processors will first be incorporated into 
several mainstream and high-end Macintosh models, 
providing you with up to 2 to 4 times tire performance 

M of Motorola’s 68040 or 
Intelk 80486 chips using 
comparable applications 
designed for PowerPC. 
Ihe mad, 
PowerPC will 

ea^toufigraektheMmnlmym 

mm to PowerPC. continue to fuel 

succeeding generations of Apple Macintosh com¬ 
puters, delivering equally impressive results. 

On-ramp to the future. 

So should you buy a Mxintosh today or a Macintosh 
with PowerPC tomorrow? Well...}®. Apple Ls oftering 
upgrade paths that will allowyou to easily move from 
today’s Macintosh computers to .Macintosh with 
PowerPC. Ultimately, it will become the on-ramp to 
tlie future of personal computing. A future, you’ll be 
pleased to discover, that also includes the security 
of compatibility'with the past. Because Macintosh 
with PowerPC is still about giving you the most im¬ 
portant power of all. The 
power to be your best? 




Sit down and work 
on a Macintosh 
with PowerPC, and 
you’ll quickly find 
that it’s still a 
Macintosh. As easy 
to use as ever. As 
forgiving as ever. 
As human as ever. 


Apple has already 
announced plans 
to ship upgrade 
products concur¬ 
rently with the 
initial introduction 
of Macintosh with 
PowerPC systems. 


Upgrades have 
been announced 
for the Macintosh 
Quadra* 610,650, 
660av,700,800, 
840av, 900 and 
950, the Macintosh 
Centris”'610 and 
650, the Macintosh 
llvxand the popu¬ 
lar Macintosh 
Performs®600. 
More will follow. 


Naturally, upgrade 
prices will vary by 
model. You can ex¬ 
pect them to start 
at under $1,000. 


For more 
information about 
Macintosh with 
PowerPC, call 
1-800-732-3131, 
ext.150, in the U.S. 
We’ll send you a 
copy of our infor¬ 
mative, free 
booklet,“PowerPC 
Technology: The 
Power Behind the 
Next Generation 
of Macintosh 
Systems.” If you’re 
reading this In 
Canada, call 
1-800-665-2775, 
ext. 910. 


MemJmliComliuterJfic. 


url ofAlfie Computer, he. PouerPCtmd the PowerPC togi 
































Numerical 
Solutions With 
Less Effort 


a 


•M/\rR/x® is a matrix-based 
interactive language for the PC. 


“Like an enhanced MATLAB.” 

-IEEE Spectrum 

$95 


• Single matrices up to 32 MB 
• Six matrix types 


• Circuit simulator, 



HARt^ONIC SOFTWARE, INC. 

206 367-8742 

harmonio@world.std.com 
FAX 206 367-1067 
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ICASSP ’94 DOWNUNDER 

1994 INTERNATIONAL 
CONFERENCE ON ACOUSTICS, 
SPEECH AND SIGNAL PROCESSING 
19-22 APRIL 1994 

ADELAIDE CONVENTION CENTRE, 
ADELAIDE, SOUTH AUSTRALIA 
IEEE’s annual acoustics, speech and signal 
processing conference goes downunder for 
1994. The venue, Adelaide, South Australia, 
population about one million, lays claim to 
be the signal processing centre of the 
country. Its three universities, the major 
national centre for defence electronics 
research and a federally endowed signal 
processing research institute make it a 
natural location for ICASSP ’94. 

As in previous years, ICASSP ’94 will 
attract up to 2000 attendees to an 
outstanding multi-stream technical and 
tutorial program and equipment exhibition. 
Adelaide is a clean and vibrant garden city 
with a stately colonial past, offering easy 
access to Australia’s distinctive “outback” 
and uniquely Australian fauna and flora. 
Tours are available to make ICASSP ’94 
more than a technical highlight for visitors 
to Australia. 

Advance programs with registration, 
accommodation and tour details are 
available from Plevin and Associates, 
tel (International) 61 8 379 8222, 
fax 61 8 3798177, 

Email pplevin@eleceng.adelaide.edu.au 

Don’t delay - an advance registration 
discount of up to 23% apply for 
registrations received before 1 April. 


Speakout 

progress in controls, communications, and 
computers has made technical solutions prac¬ 
tical for the problem of highway congestion. 

This hope may not always be realized by 
the Intelligent Vehicle Highway System 
(IVHS) programs being investigated in the 
United States. Take the case of the Advanced 
Traffic Information System (ATIS), which 
would help motorists avoid traffic tie-ups by 
suggesting less crowded routes. When ^ter- 
natives are possible, ATIS may indeed reduce 
traffic congestion. But when all bridges and 
tunnels into, for example, the island of Man¬ 
hattan in New York City are clogged, ATIS 
may elicit less relief than frustration. 

In the most controversial project, vehicles 
would be guided automatically while travel¬ 
ing at high speed in a special lane, where a 
control system could take over and free the 
drivers to read, write, or even sleep. 

Many objectives of the IVHS are also part 
of the ambitious European research project 
Prometheus, launched in 1987. In Germany, 
the “autonomous vehicle” is called Automa- 
tische Fahrzeugfiihrung auf Autobahnen. 
The English translation is “automatic vehicle 
guidance on freeways” (AVGF). 

An independent feasibility analysis of the 
autonomous vehicle, of which few outside 
Germany may be aware, was conducted by 
the Institut fdr Strassenbau und Eisenbahn- 
wesen (Roads and Railways) of the Technical 
University in Karlsruhe. Professor Hiersche 
there directed the investigation and pub¬ 
lished a five-page report on the disadvan¬ 
tages of an automatic guidance system on 
German freeways (.Strasse und Autobahn, 
Issue 10, October 1989, p. 379). 

Highlights of Hiersche’s conclusions were: 

• German freeways are not built and cannot 
be modified economically for an automatic 
vehicle guidance system. Modifying bridges 
and tunnels is almost impossible. 

• Automatic guidance must be abandoned on 
days when special lanes are needed for any 
reason, such as detours or repair work. 

• Bad weather like rain, snow, ice, fog, and 
high winds may reduce the safety margin for 
automatic guidance to nothing. 

• Entering and leaving the automatic guid¬ 
ance system—^with cars zooming along 5 
meters apart at speeds reaching 120 km/h— 
is a highly likely source of accidents. 

Hiersche concluded that the German 
AVGF system failed the feasibility test com¬ 
pletely. I doubt that an autonomous vehicle 
guidance system in the United States would 
fare any better. 

High technology is not the best way to 
attack highway congestion. With the right 
mix of cars, vans, and buses, it should be pos¬ 
sible to double or triple the people-moving 
capacity of a highway. 


Wilhelm H. vonAulock 
Munich, Germany 



KEEP PACE 
WITH 

EMERGING 

TECHNOLOGIES 

PARTICIPATE IN 

THE MIT 
ADVANCED 
STUDY 
PROGRAM 

The Advanced Study Program 
of the Center for Advanced 
Engineering Study at the 
Massachusetts Institute of 
Technology is a unique, individ¬ 
ualized course of study that 
offers engineers, scientists, and 
technical managers 

• the opportunity to study 
emerging technologies first¬ 
hand, increase professional 
capabilities, and broaden 
perspectives; 

• on-campus curriculum 
formats tailored to the back¬ 
grounds of individual partici¬ 
pants and the needs of their 
organizations. 

Divided into 15-week segments 
which coincide with the MIT Fall 
and Spring terms, the Program 
combines academic courses 
and seminars with guided inde¬ 
pendent study and research. 
Participants are provided on- 
campus offices, computer facili¬ 
ties, a videotape library, and a 
private lounge in the Center for 
Advanced Engineering Study 
building. In addition, partici¬ 
pants may use MIT resources 
such as libraries. Faculty 
Club,and athletic facilities. 

For complete information, 
contact; 

Dr. Paul E. Brown, Director 
Advanced Study Program 
MIT/CAES, Room 9-335S 
Cambridge, MA 02139-4307 
USA 

Telephone: (617) 253-6128 
Telex: 92-1473 MIT CAM 
Fax: (617) 258-8831 
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FOR IEEE MEMBERS ONLY 


Now is the lime to 
Consider Tax-Advantaged 
Investing 

IEEE makes R simple fer mambeps 
le save en taxes wlfli lew-investrnem IRAs 
and ne sales charges. 




IEEE Balanced Fund 


Created exclusively for IEEE members, this no-load fund seeks to provide “balanced” investing, 
by combining the growth potential of stocks with current income from bonds. 


^ Vista'" Family of Mutual Funds 


A fund family with over 20 investment options, all managed by the investment professionals a 
Chase Manhattan, including a variety of tax-free bonds and tax-free money-market funds. 


IRAs —defer taxes with only a $250 minimum investment. 

No Sales Charges-s»ving members up to 4.75%. 

SEP-IRA, 401k, 403b and other qualified 

retirement plans available. 

Free exchange prlvll^es 

Call 1 000 GET-lEa For more information on 

tax-advantaged mutual funds, 24 hours a day, 

7 days a week. 


lEEE^ 

[EINANCIAL 


PROGRAM 

Your IEEE Financial Advantage is just 
a simple phone call away. 


Vista Broker-Dealer Services, Inc., is the Funds’ distributor and is unaffiliated with Chase. Investments in the funds are not deposits, 
obligations of, endorsed or guaranteed by Chase and are not insured or guaranteed by the FDIC, Federal Reserve Board or any other govern¬ 
ment agency. Investments in mutual funds are subject to risk that may result in loss of principal. The Chase Manhattan Bank, N.A., is the IEEE 
Balanced Fund’s overall investment adviser, administrator and custodian. Atlanta Capital Management (with the Institute of Electrical and Electronics Engineers, 

Inc.) is the Fund’s sub-adviser and manages the Fund’s portfolio. The Chase Manhattan Bank, N.A., is the Portfolio adviser for the other Funds in the Vista Family of 
Mutual Funds. Call the above number for prospectuses that contains more complete information including sales charges and expenses. Read them carefully before 
investing or sending money. Exchange privileges may be modified or terminated at any time. Program offered exclusively to IEEE members, employees and their 
immediate families (spouse, children, parents and siblings). srZy^ 












Recent books 

(Continued from p. 12) 

Engineering Ecenomic Analysis: An Intro¬ 
duction. Lindeburg, Michael R., Professional 
Publications, Belmont, Calif., 1993, 231 pp., 
$15.95. 

Lateral Electromagnetic Waves: Theory and 
Applications to Communications, Geophysi¬ 
cal Exploration, and Remote Sensing. King, 
Ronald W.P., etal, Springer-Verlag, Newark, 
N.J., 1993,746 pp., $79. 

Dead Reckoning: Calculating Without Instru¬ 
ments. Doerfler, Ronald W., Gulf Publish¬ 
ing, Houston, Texas, 1993,182 pp., $17.95. 

Electron Correlations in Moleculos and 
Solids, 2nd edition. Fulde, Peter, Springer- 
Verlag, Newark, N.J., 1993,422 pp., $52. 

Mobile Communications in the IIS and 
Europe: Regulation, Technology, and Mar¬ 
kets. Paetsch, Michael, Artech House, Nor¬ 
wood, Mass., 1993,417 pp., $89. 

Coding Theory, Design Theory, Group Theory: 
Proceedings of the Marshall Hall Confer¬ 
ence. /wwg'wfc/se/, D., and Vanstone, S.A., 
John Wiley & Sons, New York, 1993,299 pp., 
$ 86 . 


Radiosity and Realistic Image Synthesis. 

Cohen, Michael F., and Wallace, John R., 
Academic Press, Cambridge, Mass., 1993,381 
pp., $49.95. 

Germanale Glasses: Structure, Spectro¬ 
scopy, and Properties. Margaryan, Michael 
A. Piliavin, Artech Press, Norwood, Mass., 
1993,181 pp., $72. 

Software Engineering Productivity Hand¬ 
book. Keyes, Jessica, McGraw-Hill, New York, 
1993,651 pp., $54.50. 

Integrated Dpto-Electronics: Waveguide 
Dptics Photonics Semiconductors. Ebeiing, 
KJ, Springer-Verlag, Newark, N.J., 1993,537 
pp., $59. 

Fiber Dptics, 2nd edition. Hoss, Robert J., and 
Lacy, Edward A., Prentice Hall, Englewood 
Cliffs, N.J., 1993,290 pp., $45. 

Modern Image Processing: Warping, Mor¬ 
phing, and Classical Techniques. Watkins, 
Christopher, et al, Academic Press, Cam¬ 
bridge, Mass., 1993,234 pp., $49.95. 

Waveguide Components for Antenna Feed 
Systems: Theory and CAD. Uher, jaroslaw, 
et al., Artech House, Norwood, Mass., 1993, 
456 pp., $99. 


UNIX Internetworking. Pabrai, Uday 0., 
Artech Press, Norwood, Mass., 1993,197 pp., 
$65. 

Visual Dasic Workshop. Craig, John Clark, 
Microsoft Press, Redmond, Wash., 1993,504 
pp., $39.95. 

CAD for Control Systems. LMens, Derek A., 
Marcel Dekker, New York, 1993, 584 pp., 
$150. 

Quick Reference to Computer Graphics 
Terms. Stevens, Roger T., Academic Press, 
Cambridge, Mass., 1993,237 pp., $29.95. 

Secure Data Networking. Purser, Michael, 
Artech Press, Norwood, Mass., 1993,241 pp., 
$ 66 . 

The Dynamics of the Computer Industry. 

Touma, Walid Rachid, Kluwer Academic, 
Boston, 1993,213 pp., $69.95. 

Engineering Problem Solving with Mallab. 

Etter, D.M., Prentice Hall, Englewood Cliffs, 
N.J., 1993,433 pp., $39. 

The Multimedia Production Handbook for the 
PC, Macintosh, and Amiga. Yager, Tom, Aca¬ 
demic Press, Cambridge, Mass., 1993, 382 
pp., $35.95. 



and tieCrystalEyesN^deoSystem. 
Improve visualiMtion 6f complex 
computer graphics and intricate 
details lecoided on video. 

Call for infoimation today! 


With QrystalEyes, stereo 3D 
images leap from the screen. 
Qys^yes: the lull-color, 


solution for workstations, PCs 
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Catalog lND-1 

Detent & Snap Action Switches 


Catalog CAM-1 
Cam Action Switches 


Heavy-Duty POWER Rotary Switches 

5A/600V.800A/600V 


Multi-Pole Multi-Position 
These two new catalogs contain all the facts 
needed to design and specify 
Power Rotary Switches. 


es electroswitch 

UNIT OF ELECTRO SWITCH CORP 

Weymouth, Massachusetts 02188 
Telephone: 617/335/5200 • FAX: 617/335/4253 
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FOR IEEE MEMBERS ONLY 


The IEEE HRaflcial Advantage Pregrani 


Bringing members and their 
imnilies value-added benetits on 
linancial services that 
nan-members simply can't get. 

Mutual Fuuds 

No Sales Charge 

IEEE Balanced Fund created exclusively for IEEE 
members. 

Vista®*^ Family of Mutual Funds with over 20 invest¬ 
ment options and free exchange privileges. 

IRAs available with a low $250 minimum investment. 

Cain 800 GET-IEEE For more information on 

mutual funds. 

Credit Cards 

An Alternative Power Source for Your Wallet 

IEEE Gold MasterCard and Visa Gold from Primerica. 
Special 8.9% fixed APR on any transferred balance, 
now through May 1, 1994. 

No Annual Fee. 

Cain 800772-2221 for more information on 

credit cards. 

lusurauce 

ExcBllsnt Coverage at Group Rates 

•Term/Universal Life ‘Long Term Nursing Care 

•Excess Major Medical •Disability 

•Cancer Expense •Comprehensive HealthCare 

Cain 800 483-IEEE (4333) for more information 

on insurance. 


Loans 

Oiscounts on Closing Costs 

Home Financing, including up to $300 off closing costs.' 
Auto Financing, with no applications to complete. 
Education financing, allowing parents to borrow the 
full cost of education.^ 

Cain 800 GET-IEEE for more information on loans. 

Annuities 

A Smart Way to Invest for Retirement 

Tax Deferred Earnings. 

Choice of Investment Options. 

No Annual Administrative Fees. 

Call 1 800 828-8763 For more information 

on annuities. 


Aip Express 

40% Savings on Overnight Service 

Only $9.25 to almost anywhere in the U.S. 

Additional discounts when mailing five or more packages. 

Call 1 800 642-4202 for more information on 

air express. 

If you’re not a member, ask for membership 
information when you call. 


lEEE^ 


MEINANCIAL 

Auvaniage 

PROGRAM 
Your IEEE Financial Advantage is just 
a simple phone call away. 


Vista Broker-Dealer Services, Inc., is the Funds’ distributor and is unaffiliated with Chase. Investments in the funds are not deposits, 
obligations of, endorsed or guaranteed by Chase and are not insured or guaranteed by the FDIC, Federal Reserve Board or any other govern¬ 
ment agency. Investments in mutual funds are subject to risk that may result in loss of principal. The Chase Manhattan Bank, N.A., is the IEEE 
Balanced Fund’s overall investment adviser, administrator and custodian. Atlanta Capital Management (with the Institute of Electrical and Electronics Engineers, 

Inc.) is the Fund’s sub-adviser and manages the Fund’s portfolio. The Chase Manhattan Bank, N.A., is the Portfolio adviser for the other Funds in the Vista Family of 
Mutual Funds. Call the above number for prospectuses that contairts more complete information including sales charges and expenses. Read them carefully before 
investing or sending money. Exchange privileges may be modified or terminated at any time. Program offered exclusively to IEEE members, employees and their 
immediate families (spouse, children, parents and siblings). 'Equal Housing Lender ^Education loans and auto loans are made by The Chase Manhattan Bank, N.A. 
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Alter ten years and >700 million, 
you could say we've made a big 
investment in small businesses. 


Lockheed leads. 


In 1992 nearly 2,500 small disadvantaged firms showed Lockheed the 
right stuff in winning more than 48,000 subcontracts. We awarded more than 
$114 million in work last year alone; and $700 million over the last ten years. 

Today, we're continuing the search for minority firms to bid competitively 
for contracts. We're particularly interested in companies who can provide goods 
or services in high-technology areas such as advanced electronics, aeronautics 
or space systems. 

If your minority-owned company qualifies as a small disadvantaged 
business and offers a product or service we need at a competitive price, we 
want to hear from you. Please write to Chuck Lileikis, Lockheed Corporation, 
IEEE, 4500 Park Granada Blvd., Calabasas, CA 91399. 

'^^Lockheed 

Watch NOVA on PBS, Tuesdays at 8 p.m. 




When Whs The Lastrime^u 
Thought About Insurance? 

The Group Insurance Program for IEEE manbas provides {Motectkm e^ainst financial 
hardships from loss (rf life, loss of inamie due to a disabling accident ot illness, and the 
hi^ cost of medical care. Cova^ge is available to IEEE inonbas and thdr faniilies. 

Return this card today to reccave your IEEE insurance benefit package. 

Please print OT type □ Mr. 


□ Mrs. □ Ms. □ Miss 


esWere 
teLast 
it About 
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Daytime Phone Numba L 


EEE Memba Numba - 


Face it—it’s 
been a long time. 

Styles have changed. 

So has your family, 
maybe even your job. 

And most likely, the 
insurance you bought 
then isn’t enough to 
cover your family 
today. That’s why you 
need coverage that you 
can easily update as your 
life changes—the Group Insurance Program 
for IEEE Members. 

We Understand You. 

Finding an insurance program that’s right for 
you isn’t easy. But as a member of IEEE, you don’t 
have to go through the difficult and time consum¬ 
ing task of looking for the right plans—^we’ve done 
that work for you. What’s more, you can be sure 
the program is constantly being evaluated to bet¬ 
ter meet the needs of our members. 

We’re Flexible. 


association 
is designed 
to grow with 
you—it even 
moves with 
you when you 
change jobs. 

We’re 
Affordable. 

What good would all these bene¬ 
fits be if no one could afford them? That’s why 
we offer members the additional benefit of 
reasonable rates, negotiated using our group 
purchasing power. Call 1 800 493-lEEE (4333), 
or in Washington, DC, (202) 457-6820, between 
8:30 a.m. and 5:30 p.m. Eastern Time for more 
information on these plans: 

Term Life • Disability Income Protection 
Comprehensive Healthcare • Excess Major 
Medical • In-Hospital • High-Limit Accident • 
Long Term Care • Cancer Expense Insurance • 
Small Business 


Updating your insurance doesn’t have to be 
a hassle. With our plans, as your needs change, 
so can your coverage. Insurance through your 


Group Insurance Program for IEEE Members 

Designed for the way you live today. 

And tomorrow. 
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After ten years and >700 million, 
you could say we've made a big 
investment in small businesses. 


Lockheed leads. 


In 1992 nearly 2,500 small disadvantaged firms showed Lockheed the 
right stuff in winning more than 48,000 subcontracts. We awarded more than 
$114 million in work last year alone; and $700 million over the last ten years. 

Today, we're continuing the search for minority firms to bid competitively 
for contracts. We're particularly interested in companies who can provide goods 
or services in high-technology areas such as advanced electronics, aeronautics 
or space systems. 

If your minority-owned company qualifies as a small disadvantaged 
business and offers a product or service we need at a competitive price, we 
want to hear from you. Please write to Chuck Lileikis, Lockheed Corporation, 
IEEE, 4500 Park Granada Blvd., Calabasas, CA 91399. 


^^^LocHheed 


Watch NOVA on PBS, Tuesdays at 8 p.m. 
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Time \buThought About 
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Face it—it’s 
been a long time. 

Styles have changed. 

So has your family, 
maybe even your job. 

And most likely, the 
insurance you bought 
then isn’t enough to 
cover your family 
today. That’s why you 
need coverage that you 
can easily update as your 
life changes—the Group Insurance Program 
for IEEE Members. 

We Understand You. 

Finding an insurance program that’s right for 
you isn’t easy. But as a member of IEEE, you don’t 
have to go through the difficult and time consum¬ 
ing task of looking for the right plans—^we’ve done 
that work for you. What’s more, you can be sure 
the program is constantly being evaluated to bet¬ 
ter meet the needs of our members. 

We’re Flexible. 
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we offer members the additional benefit of 
reasonable rates, negotiated using our group 
purchasing power. Call 1 800 493-lEEE (4333), 
or in Washington, DC, (202) 457-6820, between 
8:30 a.m. and 5:30 p.m. Eastern Time for more 
information on these plans: 

Term Life • Disability Income Protection 
Comprehensive HealthCare • Excess Major 
Medical • In-Hospital • High-Limit Accident • 
Long Term Care • Cancer Expense Insurance • 
Small Business 


Updating your insurance doesn’t have to be 
a hassle. With our plans, as your needs change, 
so can your coverage. Insurance through your 


Group Insurance Program for IEEE Members 

Designed for the way you live today. 

And tomorrow. 
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GAMMA... 
A New DAP 
Generation 



Cambridge Parallel Processing’s 
GAMMA series of Deployable 
Massively Parallel Computers 
will be featured on an upcoming 
segment of ComputerWatch. 


Delivering twice the computational 
performance and twice the memory of the 
previous DAP generation in less than half the 
space, the DAP GAMMA series is the fourth 
and newest generation of DAP systems. With 
performance up to 7.5 GFLOPs on 8-bit data 
and 1.1 GFLOPS on 32-bit data, DAP 
GAMMA dramatically expands the capabilities 
of deployable super-performance computers. 
The GAMMA series can operate as a stand¬ 
alone computer or can be attached to 



memwatch 


The television series 


contemporary workstations or network servers 
manufactured by Sun, HP or DEC. 

For more information please call: 

CA (714) 261-8901 
or fax (714) 724-8399. 

ComputerWatch is a weekly television series 
designed to give first hand information on the 
latest developments, issues and trends in the 
computer marketplace. For more information 
please call: Dale Britte (305) 421-2226. 

All products names are trademarks or registered 
trademarks for their respective owners. 


The GAMMA series can be seen on ComputerWatch - 
airing this winter on CNBC at 4:00 E.S.T. 













^)t^shington watch 


Technology R&D boosted 
in proposed budget 

Engineers and scientists fared comparatively 
well in the 1995 Federal budget proposed in 
February by President Clinton. The austere 
spending plan asks Congress to raise R&D 
support by some 3 percent to $73 billion. 
John H. Gibbons, the President’s science and 
technology advisor, said not all the desired 
programs were supported and that hard-won 
increases had “to come at the cost of other 
things.” 

Among big winners were ±e Commerce 
Department [see story below] where R&D 
would see double-digit growth. The National 
Science Foundation would rise nearly 10 per¬ 
cent to $2.2 billion. The National Institutes 
of Health would increase nearly 5 percent 
to $11 billion. Government-wide support of 
communications and computing research 
would jump 23 percent to $1.2 billion; envi¬ 
ronmental technology would rise 11 percent 
to $0.5 billion; and global change research 
gain 24 percent to reach $L8 billion. 

Not all were ecstatic with the R&D pro¬ 
posed increase, however. Expressed as a per¬ 
centage of gross domestic product, science 
spending in 1995 would be less than any year 
since 1958, noted Representative George E. 
Brown Jr. (D-Calif.), chairman of the House 
Science, Space, and Technology Committee. 


peared last August. Support for Mission to 
Planet Earth, an earth observation project, 
would rise 20 percent to $L2 billion. 


Smiles in commerce 

Civilian technology development was the big 
beneficiary of President Clinton’s 1995 bud¬ 


get proposal, released in February. “I’m one 
of the few members of the cabinet who has 
a smile on his face today,” said Secretary of 
Commerce Ronald Brown, as he unveiled his 
budget. Overall, the Commerce Department 
would get an 18 percent rise to US $4.2 bil¬ 
lion, about $1 billion more than the final Bush 
budget two years ago. 



Workstation power on your PC. Performs in the familiar Microsoft Wi 


Space agencif shifts 

Among the R&D losers in the proposed bud¬ 
get was the National Aeronautics and Space 
Administration (NASA). The space agency 
would see its budget shrink for ±e second 
straight year, this time by $250 million to 
$14.3 billion, with the possibility of further 
cuts by Congress. “This is it. We can’t get any 
closer to the hone,” said NASA chief Daniel 
S. Goldin in a prepared statement regard¬ 
ing the budget announcement. 

The international space station would 
receive its maximum allotment of $2.1 billion. 
The shuttle program would see a 6 percent 
drop to $3.3 billion. And plans for an 
advanced solid rocket booster and improve¬ 
ments to allow one of the shuttles to stay in 
orbit longer were canceled. 

The budget continues a shift of funds away 
from manned flight in favor of unmanned 
operations. The Cassini mission to Saturn and 
the Advanced Astrophysics Facility would 
remain, and a new Mars Surveyor program 
calls for $78 million to develop a small orbiter 
to launch on a Delta rocket in 1996. It would 
carry about half the scientific payload of the 
ill-fated Mars Observer program that disap- 



S ystenMew ^ 

BY E I A N I X 

PERSONAL DYNAMIC SYSTEM SIMULATOR: 
Powerful. Intuitive. And instantly productive. 

Introducing workstation-level design, simulation 
and analysis tools for your PC. Intuitive, power¬ 
ful and dynamic, SystemView thinks like 
you do. And there’s no code to 
learn! It provides appli¬ 
cation development tools 
for DSPs, signal processing, 
communication and control 
system applica¬ 
tions, plus mathe- FREE 
matical system SystemView 
modeling. For more evaluation 
information or to j disk, 
place an order, call 

ELANIXnow. YO^rs today. 

800 - 535-2649 
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Washington watch 

The biggest proposed boost is for the 
National Institute of Standards and Technol- 
0^ (NIST). That budget would rise to $935 
million, up from $381 million two years ago, 
largely b^ause of the developing Advanced 
Technology Program (ATP). (NIST director 
Arab Prabhakar expects to announce the first 
ATP strategic program areas around April.) 
Also noteworthy is the expansion of the Mal¬ 
colm Baldrige National Quality Awards to the 
health and education communities. 

Additional budget boosts would give $11 


million to strengthen analytic capabilities for 
technology policy and $18 million to support 
the electronic dissemination of items in the 
National Technical Information Service. 
Already this year’s proposed $1.5 trillion bud¬ 
get is available on CD ROM, which may be 
more convenient than the usual 4-kg multi¬ 
volume Phonebook format also offered. 


U.S.-Japan mixer 

Thirty U.S. manufacturing engineers will 
spend a year at Japanese companies under 
a fellowship program sponsored by the U.S. 


Department of Commerce and Japan’s Min¬ 
istry of International Trade and Industry. 
The engineers were feted in January at a 
send-off luncheon in Washington, D.C. 
Among the U.S. companies participating in 
the program are General Motors Corp., 
which is sending four engineers, and Ford 
Motor Co. and Motorola Inc., with three 
engineers each. The host Japanese compa¬ 
nies include Hitachi, Honda, Matsushita Elec¬ 
tric Industries, Nissan, Sony, Toshiba, and 
Toyota. More information on the program 
is available from Amy Cammell, Society of 
Manufacturing Engineers, 313-271-1500. 


Privacy neetfs protection 

Two recent reports from the National Acad¬ 
emy of Sciences in Washington, D.C., warn 
that advances in technologies and the in¬ 
creasing collection of data can jeopardize 
individuals’ privacy. 

Private Lives and Public Policies: Confi¬ 
dentiality and Accessibility of Government 
Statistics urges new legislation to protect aU 
data collected by some 70 largely decentral¬ 
ized Federal agencies. The 274-page report 
recognizes that fear of risks to confidential¬ 
ity could hinder the collection of data that 
contributes to the understanding of “signifi¬ 
cant economic and social problems.” 

The o±er report. Health Data in the In¬ 
formation Age: Use, Disclosure, and Privacy, 
also recommends that steps be taken to 
guard records that may contain personal 
medical information from insurance compa¬ 
nies, pharmacies, and surveys. It suggests 
setting up individual health identification 
numbers, which would be separate and dif¬ 
ferent from social security numbers, which 
are not protected by law as confidential. To 
learn more or to order these reports, call the 
National Academy Press at 800-624-6242. 


Productive computers? 

Engineers may take it for granted that com¬ 
puters boost their output. But service compa¬ 
nies are not as positive about their bottom-line 
productivity in the Information Age. During 
the 1980s, banks, airlines, and other US. ser¬ 
vice companies spent more than $750 billion 
on hardware alone, and untold billions more on 
software. Conventional measures of produc¬ 
tivity, however, reveal few benefits from such 
purchases. A panel from ±e National Re¬ 
search Coxmcil tried to unravel this paradox 
and said the focus should not be just on nar¬ 
rowly defined productivity of a service, but also 
on its overall performance. This includes new 
services and conveniences (like automated 
teller machines) as well as the capability of han¬ 
dling jobs of increased complexity (such as 
computerized reservation systems). The 270- 
page report is available from the Government 
Printing Office at 202-783-3238. 


John A. Adam Washington Editor 
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WHEN YOU'RE BURIED IN 
OSCILLOSCOPE DATA, CALL 1-800-621-9240 
AND VU-POINT WILL DIG YOU OUT. 


Collecting data with your digital 
oscilloscope is easy. Managing the data 
and turning it into meaningful results 
is another matter. 

VU-POINT 3 brings order to the 
chaos created by mountains of oscil¬ 
loscope data. Simply put your 
oscilloscope diskette into a PC. 
VU-POINT 3 reads the diskette, 
converting waveforms into useful 
information that can be manipulated 
with a full set of data analysis tools. 


Menus make VU-POINT 3 easy to 
use. The virtual memory manager lets 
you handle up to 64 million samples 
and 99 waveforms simultaneously. 
VU-POINT 3 supports 16-color graph¬ 
ics, super VGA displays, color and 
Postscript printers and imports data 
from any text or binary file. 

If you're buried by information over¬ 
load from your digital oscilloscope, call 
1-800-621-9240 for a brochure or to 
order. VU-POINT 3 will put you on top. 
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Women Scientists and Engineers Em¬ 
ployed in Industry: Why So Few? is a 130- 
page paperback book that is available for US 
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“substantial” change in both engineering and 
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promote a better understanding of team- 


Cut design time by 75% and 
still meet strict world EMC standards. 



Predict the electromagnetic performance of your product now. 
Easier. Faster. Less expensive. 

Introducing MSC/EMC. With this powerful predictive 
engineering tool, you can finally work in a solid-model based 
environment, under one intuitive user interface, to rapidly create, 
analyze and optimize designs and reduce the need for expensive 
physical prototyping and testing. 

MSC/EMC’s precise solids modeler 
provides superior visualization and easy 
model generation. Its open architecture 
allows you to communicate with 
complementary tools at any point in the 
design stream. 

Analysis results are presented in a 
broad range of visualization formats to 
highlight trouble areas or show direct 
comparison to compliance specifications. 


With MSC/EMC, you can predict: 

• Shielding performance in 3-D as a 
function of frequency 

• Electromagnetic susceptibility 
under bounded or free space conditions 

• Electrostatic discharge in devices 
with irregular geometries and complex 
material properties 

• Radiation from common mode 
sources 

MSC/EMC is the intelligent alternative to expensive physical prototyping. 
Call 800-624-6442 for more information. 


SIMPIY POWERFUL" 



The 

MacNeal-Schwendler 

Corporation 


EEE SPECTRUM MARCH ] 


Circle No. 18 


21 
































Washingtoi 

The biggest proposed 
National Institute of Stand 
o^ (NIST). That budget \ 
million, up from $381 milli 
largely because of the dev 
Technology Program (ATI 
Arati Prabhakar expects to 
ATP strategic program ar( 
Also noteworthy is the exp; 
colm Baldrige National Qua 
health and education comn 
Additional budget boos1 


recognizes that fear of risks to confidential¬ 
ity could hinder the collection of data that 
contributes to the understanding of “signifi¬ 
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The other report, Health Data in the In¬ 
formation Age: Use, Disclosure, and Privacy, 
also recommends that steps be taken to 
guard records that may contain personal 
medical information from insurance compa¬ 
nies, pharmacies, and surveys. It suggests 
setting up individual health identification 
numbers, which would be separate and dif¬ 
ferent from social security numbers, which 
are not protected by law as confidential. To 
learn more or to order these reports, call the 
National Academy Press at 800-624^242. 
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En gineer at larg e 


Wooing women engineers 

In U.S. industry, there is only one woman 
for every seven or eight men in the scientific 
and engineering labor force. This disparity is 
due in part to the abnormal attrition rate for 
women pursuing careers in industry, which 
is double that for men and much higher than 
in other employment sectors, according to 
a report that was released in January by the 
National Research Council’s Office of Sci¬ 
entific and Engineering Personnel (OSEP), 
Washington, D.C. 

The report examines why women drop out 
in such numbers and describes how a half 
dozen companies—including Aerospace 
Corp., Alcoa, AT&T Bell Laboratories, Xerox 
Corporate Research and Technology, and a 
biotechnology company, Scios Nova—have 
sought to reverse the trend by not only 
recruiting but also retaining greater num¬ 
bers of women scientists and engineers than 
before. 

The companies’ initiatives have much in 
common—above all the active support of top 
management. Other elements include the 


availability of flexible work schedules, part- 
time employment, and attention to family 
issues such as parental leave and day care. 
Clear, consistent criteria for promotion, as 
well as more opportunities for lateral trans¬ 
fers, were also shown to help women’s career 
development and dissuade them from leaving 
a company. 

The report is based on a conference orga¬ 
nized by the OSEP’s Committee on Women 
in Science and Engineering. Both the report 
and the conference were sponsored by the 
National Academy of Engineering, General 
Electric Foundation, and Battelle Pacific 
Northwest Laboratories. The National 
Research Council, the operating arm of the 
National Academy of Sciences and the 
National Academy of Engineering, is a pri¬ 
vate, nonprofit institution that provides inde¬ 
pendent advice on science and technology 
issues under the auspices of a congression^ 
charter. 

Women Scientists and Engineers Em¬ 
ployed in Industry: Why So Few? is a 130- 
page paperback book that is available for US 
$29 plus shipping. Contact: National Acad¬ 


emy Press, 2101 Constitution Ave., N.W., 
Washington, DC 20418; 202-334-3313 or 
800-624-6242. 


University-inilustry partners in earnest 

Universities in the United States must get 
serious about turning their research into 
marketable products. Their informal links to 
industry need to be superseded by a firm 
commitment to industrial partnerships, 
according to Charles Vest, president of the 
Massachusetts Institute of Technology, in 
Cambridge. 

Yet academia must continue its role as a 
resource for basic research, especially now 
that many of the Federally funded laborato¬ 
ries have all but stopped conducting long¬ 
term research. Vest said in an article in the 
December 1993 issue of Challenges, pub¬ 
lished by the nonprofit Council on Competi¬ 
tiveness, Washington, D.C. He also called for 
“substantial” change in both engineering and 
management education. Engineering and 
business schools need to work together to 
promote a better understanding of team- 


Cut design time by 75% and 
still meet strict world EMC standards. 


Predict the electromagnetic performance of your product no 
Easier. Faster. Less expensive. 

Introducing MSC/EMC. With this powerful predictive 
engineering tool, you can finally work in a solid-model based 
environment, under one intuitive user interface, to rapidly create, 
analyze and optimize designs and reduce the need for expensive 
physical prototyping and testing. 

MSC/EMC’s precise solids modeler 
provides superior visualization and easy 
model generation. Its open architecture 
allows you to communicate with 
complementary tools at any point in the 
design stream. 

Analysis results are presented in a 
broad range of visualization formats to 
highlight trouble areas or show direct 
comparison to compliance specifications. 
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With MSC/EMC, you can predict: 

• Shielding performance in 3-D as a 

function of frequency 

• Eiectromagnetic susceptibility 
under bounded or free space conditions 

• Electrostatic discharge in devices 
with irregular geometries and complex 
material properties 

• Radiation from common mode 
sources 

MSC/EMC is the intelligent alternative to expensive physical prototyping. 

Call 800-624-6442 for more information. 
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work and help students understand the 
effects of technology and economic policy on 
manufacturing decisions, he said. 


Biotech head for science association 

A champion of biotechnology research and 
its application to health, the environment, 
and the economy has been named president¬ 
elect of the American Association for the 
Advancement of Science (AAAS), Washing¬ 
ton, D.C. Rita R. Colwell, president of the 
University of Maryland Biotechnology Insti¬ 
tute, was to begin her three-year term with 
the AAAS on Feb. 24, right after the associ¬ 
ation’s annual meeting in San Francisco. 

“We’ve had 40 years of science dominated 
by physicists, space scientists, and engi¬ 
neers,” commented Donald N. Langenberg, 
chancellor of the University of Maryland Sys¬ 
tem. “I think it is particularly significant, in 
the era of genetic engineering and its pow¬ 
erful contributions to the world society, that 
the AAAS membership has chosen Dr. Col¬ 
well, a prominent life scientist, as its incom¬ 
ing president.” 

Colwell’s research in ecology and the 
genetics of marine bacteria, viruses, and 
their animal and plant hosts has earned her 
honors worldwide. Following one year as 


president-elect, she vstU become president of 
the AAAS in 1995, and chair of the Board of 
Directors in 1996. 


Engineering johs pick up, mavhe 

Although the U.S. Bureau of Labor Statistics 
reported a decline in engineering imemploy- 
ment in the third quarter of 1993, its num¬ 
bers may be more rosy than real. The third 
quarter’s rate was 3.8 percent, according to 
tlie bureau, down from a historic high of 4.5 
percent in the previous quarter. Electrical 
engineering unemployment was somewhat 
lower at 3.5 percent. 

The rate should remain flat for “several 
more quarters” owing to constant downsiz¬ 
ing and layoffs, noted a recent article in 
Impact, a newsletter for leaders of IEEE-U.S. 
Activities’ Professional Activities Commit¬ 
tees for Engineers. 

But these rates can be misleading, accord¬ 
ing to the article’s author, Frank E. Lord, a 
member of the Career Activities Council. 
Engineers no longer collecting unemploy¬ 
ment benefits or else working in nonengi¬ 
neering jobs are not counted. “If they were, 
I estimate that the percentages would be 
doubled, placing them nearer the general 
population figures,” he concluded. 

Meanwhile, at U.S. colleges, the number 
of engineering graduates rose in 1993. Over 


65 000 bachelor’s degrees were awarded— 
up about 2 percent from 1992 and the first 
increase since 1986. So said the Engineer¬ 
ing Workforce Commission of the American 
Association of Engineering Societies, Wash¬ 
ington, D.C. 


Saivadori of ASCE given Hoover Medai 

Mario Saivadori, honorary chairman of Weid- 
linger Associates, consulting engineers, 
received the Hoover Medal at the annual 
convention of the American Society of Civil 
Engineers (ASCE), held in Dallas in October. 

The James Renwick professor emeritus of 
civil engineering and professor emeritus of 
architecture at Columbia University, New 
York City, Saivadori was interested in help¬ 
ing young people in the inner city master sci¬ 
ence and mathematics by studying the built- 
up environment around them. So he founded 
a nonprofit educational organization called 
the Saivadori Educational Center on the Built 
Environment. 

The award commemorates the civic and 
humanitarian achievements of U.S. Presi¬ 
dent Herbert Hoover, an honorary member 
of the ASCE. The Hoover Medal Board in¬ 
cludes representatives of the IEEE and other 
engineering associations. 
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Reflections 


What happened to 
numbers? 

n a recent trip to Purdue Uni¬ 
versity, the astronaut Neil 
Armstrong presented his alma 
mater with his old slide rule. 
Several of us other old alums 
looked wistfully at that aged wooden instru¬ 
ment, and it brought back shared memories 
of what it used to be like to be an engineer¬ 
ing student. 

Long before the word nerd was fashion¬ 
able, engineers were maliciously identified by 
the long leather cases suspended from their 
belts. It was an “ever-ready” case, 
because you never knew when a num¬ 
ber would be needed on the spur of the 
moment. A slide rule was my first pur¬ 
chase as a student, and at about $30, it 
was relatively expensive. Even though I 
had no idea at first how the thing 
worked, that slide rule was my most 
prized possession. In fact, unlike Arm¬ 
strong, I still have mine. (Basically, there 
is no market for mine.) 

I quickly realized that the key to 
being a good engineer was mastery of 
the slide rule. Thus I learned to carry 
temporary results from scale to scale 
on the rule, and I diligently strove to get 
that not-quite-achievable third decimal 
place. After all, numbers were all- 
important; they were what engineer¬ 
ing was all about. 

My slide rule was full of every num¬ 
ber I could want, but of course not every 
number was a good one. Good numbers were 
the ones considered to be the correct 
answers to exam questions; the bad ones 
were everything else. It didn’t matter how 
well you understood the subject matter—if 
you slipped with your slide rule, you failed. 
This was so important that, like everyone 
else, I learned to work out a quick number by 
hand, just to check the slide rule and be sure 
the decimal place was correct. 

How times have come and gone since 
then! Now slide rules are found only in muse¬ 
ums, except museums don’t care alx)ut them, 
either. Electronic calculators came along and 
were exorbitantly expensive until something 
happened and they started appearing in 
cereal boxes. They didn’t even make it to 
museums. Then personal computers con¬ 
quered the universe, and now you can’t exist 
as a student without a laptop. So what makes 


you think they’re here to stay? 

Meanwhile, Armstrong went to the moon, 
which is also hard to believe because that was 
back in 1969 before we had PCs. When you 
see the equipment that the astronauts used 
then, it looks hopelessly ancient. Arm¬ 
strong’s slide rule would not have been out of 
place. Today, of course, we have sophisticated 
computers, backed by millions of lines of mis¬ 
sion software. We don’t go to the moon any¬ 
more, though. 

In fact, if I might digress for a moment, 
in these days of aborted countdowns, the 
moon landing was in retrospect an incredible 
feat. It is almost 25 years later, and it isn’t 
clear to me that we could do it again. More¬ 
over, the social impact of that event stands in 
contrast to the fractionalizing of television 



viewership that technology is inducing today. 

Science fiction writers had, of course, pre¬ 
dicted a moon landing for decades, but none 
of them had foreseen that the landing would 
be on live, worldwide television. In these days 
when we are rushing toward 1000-channel 
television and individualized video-on- 
demand, I often think that the singular 
moment in the history of television was July 
29,1969, when it brought the world together 
for one glorious, shared event. In fact, I told 
Armstrong that he was the only one who 
missed out on it. It was thoughtless of him 
to have been away on a business trip. 

But back to numbers...That old slide rule 
made me remember the forgotten primacy 
of numbers. Not only have I not used the 
slide rule since I left school, but—and I know 
this sounds perverted or impossible—I’ve 
hardly needed a number in all these years. 


There, I’ve made a great confession! Of 
course, at income tax time I rummage 
around trying to find one of the calculators 
littering the backs of forgotten drawers, but 
other than that I seem to get along all right 
without them. 

When I reflect on the improbability and 
unexpectedness of this numberless exis¬ 
tence, I conclude that, as in many other mat¬ 
ters, I was misled by the artificiality of the 
college classroom. Tests seem to beg for 
numbers, while life may not. 

But times have changed, too; the world of 
engineering is now full of concepts, systems, 
and software. Numbers are kept somewhere 
in the backs of computers where people don’t 
see them, and instead visualization programs 
display data and trends in an intuitive man¬ 
ner. I often think of Hamming’s won- 
1 derful remark, “The purpose of com- 
I puting is insight, not numbers.” 

* I envy the students of today with 
computer simulations and tools like 
Mathematica. A focus on the numbers 
themselves often obscures conceptual 
intuition. And I imagine with jealousy 
how it will be in the future, when stu¬ 
dents will use artificial reality to explore 
and experience hands-on the conceptual 
world of mathematics and engineering. 
At the same time, I must admit that 
when you are asked to produce a num¬ 
ber, you discover whether or not you 
really understand something. There is 
something hard-nosed and unequivocal 
about a number. “Put up or shut up,” it 
says to you. Perhaps that is why num¬ 
bers may be over-important in school. 

In the numberless world of lif e-after- 

- school, I usually find out whether I know 

something when I have to give a talk about 
it. I can hardly confess the number of times 
I have been in the midst of explaining some¬ 
thing to an audience when I suddenly discover 
that I don’t know what I’m talking about! I 
often wonder whether this happens to anyone 
else. All I can tell you is that when this real¬ 
ization occurs, something goes fuzzy inside 
me, and I get the sensation of being in the 
audience watching this jerk—^me—losing all 
powers of articulation. Maybe someone 
should have asked me to produce a number. 
I could have done that in secret! 

The computer tells me I have so far writ¬ 
ten 1012 words, which is just about my quota 
for this essay. So much for the thoughts and 
concepts—in the end a number rules 
supreme! 


Robert W. Lucky 
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Mdia, the qumlessential land of 
contrasts, is pmioaps yiowhere so 
paradoxical as m its development 
of modem technology. 


Prom its very begmning as a 


single, independent nation 47 years ago, the 
country! has attempted to me tecbiology and 
science systematically to improve the health and 
well-being of its people, buildmg on a 
distmguished, millennia-old tradition in 
mathematics a7td science. Today, India has one 
of the world's largest technical workforces, 
estimated to be in excess of 3 million engineers, 
scientists, technicians, and other techfiologists 
(although at any given lime less than three- 







fourths of them have technical or scientific jobs). The best are | 
a match for the best anywhere, as evidenced by the success f 
of Indian expatriates the world over—an unambiguous tes- f 
tament to a select group of excellent technically oriented insti¬ 
tutions of higher learning in India. 

Indeed, in several strategically important areas—nuclear 
science and technology, satellite technologies, massively par¬ 
allel computers, and certain industrial chemical processes— 
India’s achievements are unmatched anywhere else in the 
developing world. So, too, is its effort to develop supercon¬ 
ductors, a significant initiative encompassing both thin films 
and wires. And in scarcely half a dozen years, a number of 
aggressive, entrepreneurial Indian companies have been so 
successful in software consulting that no one can doubt now 
that India is home to some of the world’s best expertise in Unix 
and several other operating systems. 

Notwithstanding all this, India remains a poor and backward 
country, even by the standards of the developing world. The 
usual metrics are per-capita gross domestic product (GDP), 
exports, electricity use, density of telephones, literacy, infant 
mortality, and life expectancy, and by any of them, India trails 
far behind even its developing neighbors in Asia. 

The sum total of India’s exports in 1992 was a little under 
US $20 billion—or slightly more than China’s balance-of-trade 
surplus with just the United States. India’s per-capita GDP 
of roughly $350 (according to Indian government and World 
Bank figures) is about two-thirds of Indonesia’s—in fact, only 
half when adjusted for purchasing power parity. Its per-capita 
electrical capacity of 330 kWh is a little over half of China’s; 
and its eight telephones per 1000 people is less than one- 
tenth of the average in the developing world. Sewage goes 
untreated, and tap water, where available, remains undrink¬ 
able over vast areas of the country. In literacy, India ranks 
109 out of the 127 nations tracked by the World Bank. 

In short, over the last four decades, while most of east Asia 
was making great strides toward Western standards and com¬ 
forts, India was being left far behind. 

Largely because of this state of affairs, India is in the early 
stages of one of the most momentous transitions since its inde¬ 
pendence. With an increasing sense of urgency, the world’s 
largest democracy is attempting to integrate itself into the 
global economy, which it believes offers the best, and per¬ 
haps only, chance of fundamental change. 

In a slow and methodical program, interrupted by large-scale 
ethnic clashes and terrorist attacks (and at least one devas¬ 
tating earthquake), the rupee has been made convertible with 
other world currencies; tariffs on some imports have been 
reduced, foreign companies have been allowed to do business 
and compete for certain contracts (in telecommunications 
and electric generation, for example); and the permitted level 
of foreign direct investment in Indian companies has been 
increased. In general. Government interference with, and 
micro-management of, the affairs of business and commerce 
has been mitigated a bit. Still, this huge 



and incredibly diverse country—home 
to almost a sixth of the world’s people— 
has a long way to go before it can be con¬ 
sidered even a minor cog in the global 
machine. 

As it strives for such a modest goal, 
India will undoubtedly become a model 
for other developing countries seeking 
Glenn Zorpelle Senior Associate Editor 


32 Software 
36 Nuclear techeoiogy 
39 Aerospace technologies 
43 Telecommunications 
47 Electronics and defense 

51 Electric power 

52 To probe further 


Senior Associate Editor Glenn Zorpette o 
streets of Madras. 

to exploit technology and science to develop and join the world 
economy. But it is still unclear whether India’s example will be 
instructive more for showing what, rather than what not, to 
do. 

SOCIALIST TEMPLATE. Much of the mystery of Indian develop¬ 
ment—^why so little progress seems to have been made in 
exports and living standards despite a large and competent 
labor force, abundant ambition and entrepreneurialism, and 
a number of impressive technical achievements—disappears 
in light of the country’s history and priorities since it became 
independent. 

Understandably wary of foreigners after centuries of sub¬ 
jugation, the first leaders of independent India embarked on 
a Fabian-sociaUst course whose destination was national self- 
sufficiency, and whose means to that end would be central 
planning and comprehensive five-year economic plans. Later 
on, in the 1980s, by which time most other nations had rec¬ 
ognized trade as a tool of development and become more 
interdependent, India was more or less still clinging to the 
same old course and was therefore left out in the cold. 

“We concentrated on satisfying domestic market demand,” 
said Hermant S. Sonawala, chairman of Hinditron Services 
Pvt. Ltd. in Bombay, one of India’s largest technical-electron¬ 
ics concerns. “India is not Hong Kong, Singapore, or Thailand, 
whose economies are based on exports. But because now we 
can basically satisfy domestic demands, people are demanding 
quality products, at international standards and prices.” 

To^y, India has indeed become remarkably self-sufficient. 
But the price paid has been high. More than 40 years after the 
first controls were put into place to discourage imports and 
spur domestic production, the Indian economy remains con¬ 
strained by a huge and baffling web of tariffs, quotas, and other 
restrictions. The economic isolation thus engendered has insu¬ 
lated many Indian industries and permitted them to languish 
with quality-control and manufacturing 
efficiency standards far below those 
necessary for success in world markets. 

Indeed, despite all the talk of liberal¬ 
ization, conversations with high-tech 
entrepreneurs and businessmen reveal 
that many obstacles persist. “At the cen¬ 
tral [government] level, industrial¬ 
licensing and import-export restrictions 
are essentially gone,” said Sonawala. 
“But at the state level—the working 
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level—these changes have not yet been 
implemented. The bureaucracy still rules. 
Some of our laws are antiques.” 

The managing director of a prominent 
Indian maker of electronic instruments of¬ 
fered an example. “A man who knows noth¬ 
ing about electronics is asked to be in charge 
of clearing electronics components at cus¬ 
toms. He probably doesn’t even have a col¬ 
lege degree. He was employed 20 years ago 
as a junior officer, and he’s a senior official 
today, but with very little knowledge on any 
particular subject. 

“I got two samples from Korea yesterday,” 
he went on. “Multimeters. Each one cost $10. 
The customs duties cost me $100. Now, if I 
wanted to pursue a refund of the $100, I’d 
have to spend another $100 in clearing-agent 
fees—^just because the customs officials 
don’t understand. 

“We have 60 or 70 engineers here. In then- 
design work, they need small samples of ICs, 
maybe five or she, mostly simple ICs. By the 
time you wind up clearing all the goods, it 
takes weeks. And the customs charges and 
clearing and handling costs are in the hun¬ 
dreds of dollars. A $20 chip ends up costing 
you probably $120. 

“Here, engineers are helpless. With the 
energy and efforts we put in, in any other 
country the outputs would be 10 times 
greater.” High import costs apply to all kinds 
of technological tools and products; import¬ 
ing a run-of-the-mill personal-computer 
application program, for example, can incur 
fees that add up to about the cost of a brand- 
new PC, and are said to be an important 
cause of India’s problem with software piracy 


[see “A bona fide industry, with a long way 
to go,” p. 32]. 

BUREAUCRATIC LEVIATHAN. To most observ¬ 
ers, the fundamental problem, and the most 
troubling legacy of central planning, is a vast 
and self-perpetuating bureaucracy, whose 
octopus-like tentacles touch virtually all 
aspects of life in India. “In fact, in the years 
to come, this is going to be our biggest hand¬ 
icap in competing globally in technology,” said 
V. Prasad Kodali, an electronics expert and 
government official. The bureaucracy also 
seems to be permeated by corruption on all 
levels, from the minor but anno5dng bribes 
that often must be paid to get, say, water or 
electrical service, all the way up to allega¬ 
tions of huge bribes in defense purchases, 
and a recent stock scam in which well over 
a billion dollars may have been misappropri¬ 
ated (an exact figure has not been released). 

The bureaucracy is ubiquitous and appar¬ 
ent even to casual visitors. For instance, a 
simple exchange of U.S. dollars for rupees at 
a (jovernment bank in Bangalore last 
autumn occupied four bank employees, 
required the filling out of four forms (in dupli¬ 
cate), and took half an hour. The bank 
seemed to have at least three times as many 
employees as a comparable Western bank. 
Just entering India with a tape recorder, 35- 
mm camera, or camcorder is cause for a 
round of paperwork at customs. 

To understand how technology is devel¬ 
oped in India, therefore, it is necessary to 
understand the central governmental bu¬ 
reaucracy, which is responsible for at least 80 
percent of all technological and scientific 
R&D funding. Virtually every laboratory or 


technical project of any size in India falls 
under a Government department, ministry, 
commission, or committee (and sometimes 
more than one of the above). Some of these 
agencies—there are dozens of them—are 
nominally headed by the prime minister, who 
is also minister of space, minister of elec¬ 
tronics, minister of chemicals and fertilizers, 
and so on. 

In reality, however, each agency is headed 
by either a minister or a secretary to the 
Government of India, only a few of whom 
report to the prime minister (those of the 
departments of space and of atomic energy, 
for example). The rest report to a science 
and technology minister, who may or may not 
be the prime minister himself [see chart, 
next page]. The reasons why only a few 
report directly to the prime minister appear 
to have to do with the dates when the depart¬ 
ments were founded and the reputation of 
their founders, as much as anything else. 

Although their terms may be as short as 
two or three years, the secretaries of these 
departments wield almost absolute power 
and therefore have considerable influence 
over national R&D related to the purviews 
of their agencies. Yet many of these secre¬ 
taries are career civil servants who bring to 
the job no experience or even knowledge of 
their agency’s scientific or technical pur¬ 
view—or of any scientific or technical disci¬ 
pline whatsoever. 

‘There are some agencies headed by pro¬ 
fessional bureaucrats, who are brilliant people, 
but look at these technical challenges purely 
as administrative problems,” said M. Anan- 
dakrishnan, the vice chancellor of Anna Uni- 
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Signs of ambition and entre- 
preneurialism abound in any 
Indian city, and especially in ■ 
the southern technological ' 
center of Bangalore, where 
this picture was taken. 
Store-front self- 
improvement schools 
beckon with promises of 
careers in accounting, 
computer programming, 
and electrical engineering. 
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versity in Madras, one of India’s more presti¬ 
gious technical colleges. “They don’t under¬ 
stand the precise technical aspects of the chal¬ 
lenges [and] they only administer, not plan. 
They’re firefighters, crisis managers. Unfor¬ 
tunately, the country is being administered 
more and more by bureaucrats and less and 
less by scientists and technologists. This is 
becoming a major concern for India’s ability 
to compete in the global technology market.” 

There are the widely circulated stories, 
always told in private, of the department sec¬ 
retary who, on a visit to AT&T Bell Labora¬ 
tories in the United States, boasted of a 5-|jLm 
fabrication facility being built in India, 
because he thought that his hosts would find 
a 5-p,m facility more impressive than the 2- 
ixm output the foundry was designed for. 

C. K. Modi, recently head of the Depart¬ 
ment of Electronics and himself a career civil 
servant, denied that bureaucrats are any less 
fit to run technical agencies. “Whether 
departments are headed by a bureaucrat or 
a technocrat, I don’t think that is a relevant 
issue. In my opinion, as far as officers are 
concerned, 75 percent of my officers are 
technical experts. So what is needed at the 
level of the secretary isn’t so much [that he] 
be a technocrat himself, but rather [that he] 
be able to appreciate and evaluate propos¬ 
als that come from industry, and from the 
technical officers in the department itself. 

“The functions of the secretary of elec¬ 
tronics are not purely technical,” he added. 
“It’s promotion of the industry, changes in 
tariff policies, advising the Government 
about exports,” and similar responsibilities. 


The acting head of the Electronics De¬ 
partment, N. Vittal, is himself an example 
of Modi’s reasoning. Vittal, like Modi, has led 
several of India’s technological departments 
without the benefit of any formal training in 
a technological discipline. Yet he is often 
cited as one of India’s most indefatigable (and 
animated) champions of liberalization and 
reform. 

BRIDGING THE GULF. All of these many cen¬ 
tral Government agencies with their legions 
of bureaucrats and technical experts have 
been powerless, however, to remove one of 
the biggest obstacles keeping India out of 
world markets. This is an unusually low level 
of industrially useful innovation—a by-prod¬ 
uct, it seems, of a chasm between Indian 
industry and the country’s research and sci¬ 
entific establishments. 

According to Peter Heydemann, the highly 
respected former science counselor at the 
U.S. embassy in New Delhi, this dichotomy 
between the two establishments in India is so 
extreme that it has led to “one of the small¬ 
est innovation rates in any [partially] indus¬ 
trialized country.” 

The gulf is hard to explain. E. C. Subbarao, 
cofounder and director of the Tata Research 
Development & Design Centre in Pune— 
one of India’s most successful corporate lab¬ 
oratories—said: “Of the small amount of the 
world’s R&D that goes on in this country, 
most of it is paid for by the Government. 
While [this Government-funded research] 
has its good features, there is not much 
accountability attached to it. The problems 
that are researched too often originate from 


the literature, rather than the needs of the 
country. There is very little linkage between 
R&D efforts and the end-user.” 

Whatever the reason, the fact is that 
industrially useful innovation is a rare thing 
in India. And, according to Heydemann, ‘bne 
would be at a severe loss to identify sources 
from which this innovation could come.” 
Most of India’s 1300 corporate or industrial 
R&D laboratories preoccupy themselves for 
the most part with trouble-shooting and 
working with production managers to mini¬ 
mize kinks in production processes. “None of 
those that I saw could bring out a novel prod¬ 
uct,” Heydemann said. 

Within the Government is an advisory 
organization known as the Council of Scien¬ 
tific and Industrial Research, or CSIR. The 
CSIR also oversees some 40 key laboratories, 
which would have to be on the front line of 
any turnaround in Indian industrial innova¬ 
tion. “If an industry wanted to innovate, it 
would have to turn to the Government labo¬ 
ratories. The first set of laboratories it would 
have to turn to are the laboratories of the 
CSIR,” Heydemann explained. 

Most of the CSIR laboratories, however, 
are poorly connected to their correspond¬ 
ing industries and are therefore ill-equipped 
to assist ±em. The CSIR’s director-general, 
S. K. Joshi, is “trying very hard to redirect 
the organization and its laboratories to sup¬ 
port Indian industry, as it was once supposed 
to, but he is finding it very difficult,” Heyde¬ 
mann said. Beyond the usual resistance to 
sweeping change, the CSIR, like almost all 
(jovemment agencies, has been hit hard by 
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an austerity program begun a little over two 
years ago when the Indian government, 
under pressure from the World Bank, cut 
spending to reduce its budget deficit. 

Notwithstanding all the barriers, there are 
a few dazzlingly bright spots in Indian indus¬ 
trial research, some within the CSIR and 
some outside of it. In the latter category is 
the aforementioned Tata Research Devel¬ 
opment & Design Centre (TRDDC), which 
does contract research for Tata Consultancy 
Services, the country’s largest software con¬ 
sulting firm, as well as for an impressive 
international corporate clientele. The labo¬ 
ratory is an extreme rarity in India in that it 
is entirely self-supporting and derives a third 
of its revenues by doing contract work for 
non-Indian companies. 

Among TRDDC’s recent clients were 
Hewlett-Packard Co., for which the labora¬ 
tory developed tools for migrating software 
for chemical instrumentation; Bell Northern 
Research, which needed a graphical query 
system to search an object-oriented data¬ 
base; and Indian Oil Corp., for which a pro¬ 
duction-scheduling system was created. 
“Some of the problems we work on may 
appear mundane,” said director Subbarao. 
“But our solutions are as sophisticated as any 
in the world, and call for the very best in sci¬ 
ence and technology.” 

Another shining example of industrial 
R&D was incubated in the central govern¬ 
ment bureaucracy, of all places. The Centre 
for Development of Telematics (C-DOT), a 
nonprofit society created by the Govern¬ 
ment’s departments of Electronics and Tele¬ 
communications, has designed and developed 
several telecommunications switches that 
have been installed all over India and are even 
being exported [see “Telecommunications,” 
p. 43]. The center was the model for another 
agency, the Centre for Development of 
Advanced Computing, which has produced 
massively parallel computers, software, and 
application programs. 

Receiving high marks within the CSIR sys¬ 
tem are the Central Leather Research Insti¬ 
tute in Madras, which is formulating new tan¬ 
ning technologies to mitigate the damage 
done to the environment by existing tech¬ 
niques; the Indian Institute for Chemical 
Technology in Hyderabad, which has been 
active in synthesis of organic chemicals for 
biotechnology; and the Centre for Cellular 
and Molecular Biology, also in Hyderabad, 
which has been focusing on new processes 
and products. 

The star of the system, though, appears to 
be the National Chemical Laboratory in 
Pune. Its director, R. A. Mashelkar, is one 
of India’s leading industrial researchers and 
has made the laboratory an international 
source of expertise on catalysis, polymers, 
and industrial-chemical processes. Recent 
clients of the laboratory include Exxon, Gen¬ 
eral Electric, and Oxychem in the United 
States; the Swiss chemical giant Ciba-Geigy; 
the Finnish fossil-fuels concern Neste; the 
Dutch multinational Akzo; and the Chinese 


government. According to Mashelkar, the 
laboratory earned about $250 000 from for¬ 
eign contracts alone last year, up from almost 
nothing three years ago. 

When not nmning the laboratory, Mash¬ 
elkar can usually be found rattling the bu¬ 
reaucracy. “For too long we have been con¬ 
strained by the rules, regulations, and 
restrictions which the Government has 
imposed,” he said in an interview. Last year, 
he was chairman of a committee that pro¬ 
duced a report recommending more auton¬ 
omy for Government laboratories—^for ex¬ 
ample, in spending earnings from consulting, 
recovering royalties from inventions spring¬ 
ing from laboratory work, and forming and 
running affiliated companies. 

“We want people to move from generating 
knowledge to a situation where they are 
exploiting it,” Mashelkar said. “But why 
would they want to exploit it without re¬ 
wards?” Last autumn, the report’s basic rec¬ 
ommendations were accepted by India’s then 
minister-of-state for science and technology, 
P. R. Kumaramangalam. 

Mashelkar is already leading a second 
committee to take on the much larger and 
more arduous task of streamlining the 
bureaucracy as it applies to research in gen¬ 
eral. “It’s like this,” he explained. “We’ve lost 
time because of the way we’ve done things in 
the past. We cannot reconstruct our past, but 
we can redesign our future. And that’s what 
this committee is all about.” 

MANUFACTURING MORASS. A stifling bureau¬ 
cracy and lack of commercially useful inno¬ 
vation are only two of the fundinental prob¬ 
lems confronting Indian industry and 
negating its chances to compete for inter¬ 
national markets. At least as serious are out¬ 
moded labor policies and a manufacturing 
sector so archaic and inefficient that India’s 
share of global trade has fallen below 1 per¬ 
cent, down from 2.2 percent in 1950. 

For all its socialistic inclinations, India does 
not have the public “safety nets” common in 
the West, such as financial assistance for the 
unemployed. Instead, the country’s large. 
Government-owned companies, which typi¬ 
cally either refine fossil fuels or manufacture 
automobiles, aircraft, steel, or heavy-elec¬ 
trical and telephone equipment, have them¬ 
selves become safety nets. Any company 
with more than 100 employees cannot dis¬ 
miss anyone without getting permission 
from the state or central government, which 
almost never grants it. The rules apply to 
both Indian firms and branch locations or 
subsidiaries of non-Indian companies. 

A widely held view is that at least half of 
the workforce at the large. Government- 
owned companies could be dismissed with¬ 
out affecting productivity in the least. In con¬ 
versations with top executives and Govern¬ 
ment officials all over India, nobody chal¬ 
lenged this view. One Government official, 
who asked not to be named, said flatly: “Our 
public-sector companies are hugely over¬ 
staffed—^by a factor of 50 percent, at least. 
There’s so much featherbedding and Gov¬ 


ernment pressure to add people. The head of 
any public-sector company has no freedom 
to make any big decisions. You have to get 
all these signatures, and you’re not neces¬ 
sarily dealing with some high Government 
official. Very often you’re dealing with some 
petty-minded flunkies.” 

\^Me he was science counselor at the U.S. 
embassy, the well-connected Heydemann 
also looked into the issue. ‘1 asked a friend of 
mine, who runs an industrial refrigerator fac¬ 
tory, ‘How many people work in your fac¬ 
tory?’ And he said, ‘Maybe 15 percent.’ He 
misunderstood my question. He says he goes 
to work sometimes and finds all of his work¬ 
ers sitting around doing nothing. Once he 
asked them, ‘Why aren’t you working?’ 'They 
said, ‘It’s a nice day, and we felt like drinking 
tea.’ He thought the only way he could make 
his people work for him was by being very 
nice, so they would want to work a little 
harder for him. It’s terrible to think you’d 
have to work with such a workforce.” 

Thus India’s industrial giants find them¬ 
selves in a quandary: unable to compete with 
nimbler and efficient foreign multinationals, 
and also unable to pare down their own huge 
workforces and modernize their facilities to 
compete with offshore rivals. Wholesale dis¬ 
missals and layoffs are not an option, most 
Indians insist, because of the massive social 
unrest and p)erhaps even starvation it would 
engender. Yet most also believe that funda¬ 
mental change is necessary. “We have to have 
a market economy with a human face, rather 
than socialism without accountability, which 
is what we’ve had for years,” said M. 
Vidyasagar, an enterprising young director of 
a defense ministry laboratory in Bangalore. 

Some industrialists, it might be added, are 
convinced that India’s large companies can 
become competitive without paring down to 
any great extent. “It’s not a question of the 
number of employees,” said R. N. Sharma, 
chairman of Hindustan Aeronautics Ltd., 
Bangalore, India’s largest aerospace concern. 
“It’s a question of the wage bill, and the pro¬ 
ductivity you get for those wages.” 

Indian factory workers are paid a minute 
fraction of what their counterparts in West¬ 
ern countries are paid, Sharma noted. So 
with the proper training, this theory goes, the 
large In^an labor pool could be harnessed to 
make up for the widespread lack of manu¬ 
facturing automation. Such greater reliance 
on manual work could be especially success¬ 
ful in aviation and other industries demand¬ 
ing specialized, limited-scale manufacturing, 
in Sharma’s view. 

The theory is intriguing, but when it has 
been put into practice in India, the results 
have not been encouraging. Such manual 
manufacturing has been employed in the 
consumer electronics industry, for example, 
and the quality of the finished products has 
been uneven and seldom up to international 
standards. What’s more, the level of manu¬ 
facturing productivity has been quite low, 
when support costs are figured in. 

“Looliig at India as a place of cheap labor 
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Durable, dependable, and 
economical, ox carts are 
still used throughout India 
to haul all manner of 
goods and equipment. 
Including satellite dishes. 
India’s decades-old effort 
to use technology to 
improve its people’s 
standard of living sets up 
Innumerable contrasts 
between old and new, such 
as this scene in 
Channapatna, not far from 
Bangalore. 



is a total misconception,” said Kodali, the 
Department of Electronics official. “The 
labor may be cheap, but the productivity is 
low. India’s strength is its technological man¬ 
power—its scientists and engineers. India 
is a good place for design and development.” 
PROFITABLE PARTNERSHIPS. The vast majority 
of sophisticated manufactured goods sold in 
India’s domestic markets are ones developed 
primarily by non-Indian companies, typically 
Western multinationals. Usually, under some 
sort of joint venture, the product is manu¬ 
factured in India with equipment and to spec¬ 
ifications supplied by the non-Indian partner. 
(Even here, the Indan government placed 
limits on how much Indian companies could 
pay for non-Indian technology.) Under this 
scheme, the Western multinational got 
access to India’s vast markets, while the 
Indian company learned all it could about the 
product, and, more importantly, how to man¬ 
ufacture it. This has been the pattern fol¬ 
lowed in products ranging from wristwatches 
to helicopters. 

As they became more capable, however, 
the Indian companies have t^en an increas¬ 
ingly active role in the partnerships, con¬ 
tributing more and more to the development 
of successive generations of products for 
their own markets. Lately, some of them 
have even struck out on their own with prod¬ 
ucts that, although in most cases clearly influ¬ 
enced by those of their former Western part¬ 
ners, are arguably of Indian design and 
manufacture. 

It is uncertain now whether Indian com¬ 
panies can sustain the trend, given the fact 
that the country’s base of industrial research 
is embryonic and not held in high confidence 


by industry. “Industry says that the risk of 
investing in unproven, Indian-developed 
technology is much greater than licensing 
existing technology—even obsolete tech¬ 
nology—from the multinationals,” said P. V. 
S. Rao, a researcher at the Tata Institute of 
Fundamental Research (TIFR) in Bombay. 

This lack of confidence, or ‘fcredifiility gap,” 
may be as much a bar to future progress at 
home as it is to acceptance of Indian products 
outside of India. “The credibility gap is so real 
that when we ourselves [at TIER] were 
involved in a major development project [to 
promote Indian industry], one of my col¬ 
leagues wanted to buy a personal computer,” 
Rao explained. “The options were either a 
Sarabhai product, locally developed, or a 
Bush product, essentially an imported sys¬ 
tem being sold locally. And this member of 
the development team—who needed the 
computer to promote Indian industry— 
when it was a question of buying a tool for 
himself, he wanted an imported product. If 
a person in this environment, when it comes 
to a crunch, wants to play safe, you can see 
the difficulty of the problem.” 

This credbility gap has also helped sup¬ 
press what little Indian industrial R&D has 
been done, according to a prominent Indian 
researcher. “A lot of money has been spent 
on R&D,” he claimed. “But when it came to 
transferring that R&D into manufactured 
products, the Government officials would not 
support it wholeheartedly, because ±ey did 
not have confidence in Indian technology.” 

“There were other reasons, too,” for 
Indian officials to favor foreign technology 
and contractors, insisted one of the re¬ 
searcher’s colleagues. They included ‘fcon- 


tacts with foreigh companies, future job 
opportunities for themselves or their chil¬ 
dren, official trips abroad for discussions or 
training, and even kickbacks.” 

The growth of competition for large con¬ 
tracts has reduced profit margins and there¬ 
fore the bribes paid for big contracts in, say, 
telecommunications or defense projects. But 
“it’s still a problem,” the researcher said, and 
“everyone knows it.” 

Corruption is nothing new in the devel¬ 
oping world and rears its head in developed 
countries with great regularity, too—^witness 
Italy’s recent scandals. But it seems to have 
become a part of the very fabric of society 
in India, from the legions of petty local gov¬ 
ernment inspectors who must be paid off so 
that they do not find a problem necessitat¬ 
ing shut-off of a utility service, all the way, 
apparently, to various top Government min¬ 
isters, who were implicated in a recent multi¬ 
billion-rupee stock scandal. 

TALES OF THE LICENSE RAJ. Particularly noto¬ 
rious are the so-called “inspector raj” and 
“license raj.” The former works like this: the 
government agencies that provide electric¬ 
ity or some other utility service send inspec¬ 
tors around periodically to check that vriring 
is sound, meters are working well, and so 
on. A little kickback apparently helps ensure 
that all is in order. According to Heydemann, 
“they’ll find something that will lead to the 
electricity being turned off unless you pay 
2000 rupees. It’s a vicious system. They are 
officially inspectors, and are supposed to 
come for good reasons, but they’re exploit¬ 
ing their position.” The license raj works on 
a similar principle, the main difference being 
that licenses are still needed in India before 
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a business can expand, modernize, seek new 
business or enter new markets, and so on. 

“Don’t be a bribe groom,” warns a Bombay 
billboard, showing a forlorn man behind 
prison bars. So widespread are the abuses, 
small and large, that Indian management 
magazines annually report on the bribes that 
businesses had to pay in the previous year, 
not unlike the revenue and other figures tal¬ 
lied up periodically by business magazines 
elsewhere in the world. A medium-sized 
company might pay more than $10 000 per 
year; a large company might pay a million 
dollars or more just in political contributions, 
which are often necessary to ensure good 
treatment. 

Heydemann told of a conversation he had 
with the chairman of the Steel Authority of 
India Ltd. (SAIL) three or four years ago. 
The chairman disclosed that he was told by 
the Indian government what kind of steel to 
produce, how much to produce, to whom to 
sell, how much to sell, and what price he 
could charge. 

Liberalization, Heydemann feels, offers 
the best possibility of changing all that. “The 
whole license raj could be abolished in a lib¬ 
eralized economy. No one should tell a steel 
company what to produce, whom to sell it 
to, and for how much. The chairman of SAIL 
should not have to bribe anyone to get a rea¬ 
sonable quota assignment. 

“Such corruption distorts the marketplace 
dramatically,” he added. “Decisions are made 
not on economic prospects. I still think the 
main problem is to get the Government off 
the back of industry.” 

BEST HOPE. If anything can bring this about, 
most observers believe, it will be the de¬ 
mands of joining the world economy. Either 
the restrictions and red tape will have to be 
brought under control or, it seems, Indian 
companies will simply continue to stagnate 
in isolation. 

The central Government, moreover, may 
have more than enough to occupy itself, what 
with the challenges attendant on integrat¬ 
ing India into the community of nations. Sev¬ 
eral technology-related issues, in particular, 
have surfaced, some repeatedly, and are con¬ 
tributing to India’s continuing isolation and 
partial exclusion from the international com¬ 
munity. They are India’s practices in the area 
of intellectual property rights, which are 
mostly at odds with those of the West; the 
country’s refusal to sign the Nuclear Non¬ 
proliferation Treaty or accept the Missile 
Technology Control Regime, an informal 
pact among Western nations that seeks to 
limit the spread of missile technology; and, 
least seriously, various labor and salary issues 
that have cropped up over the employment 
of Indian engineers outside India, at salaries 
well below the going rates. 

Tolerance of violations of international 
patents and copyright is nothing new in India. 
In the struggle to improve living standards, 
patents on pharmaceuticals, chemicals, and 
other goods have been routinely ignored. 
More recently, the practice has bloomed into 


oftentimes flagrant violations of protections 
on various kinds of intellectual property, 
including software packages, microelectron¬ 
ics designs, and books and entertainment 
media, such as musical recordings and taped 
motion pictures. India, along with Brazil and 
Thailand, were designated “priority coun¬ 
tries”—^the most serious category—on the 
Office of the U.S. Trade Representative’s last 
Special 301 Review of offenders against intel¬ 
lectual property rights. It was India’s third 
consecutive appearance on the annual list. 

India does not recognize product patents 
for any sort of chemical, including pharma¬ 
ceuticals. For these products the country 
recognizes only process patents, meaning 
that any company capable of devising an 
alternative process to produce a pharma¬ 
ceutical (or fertilizer, or petrochemical) is 
free to go into business producing it. In this 
context, relatively minor modifications of 
existing processes are usually interpreted as 
new processes. 

In an agreement reached as part of the 
recent Uruguay round of the General Agree¬ 
ment on Tariffs and Trade, India will have 
to start recognizing product patents on drugs 
and other chemical products. However, as a 
developing country, India need not formally 
implement such recognition until the sum¬ 
mer of 2005. 

In industries not based on chemical pro¬ 
cesses, Indian patent law is adequate, most 
observers agree, but rarely enforced. There 
are signs, however, that as more innovation 
takes place in India, the protection of intel¬ 
lectual property will take root. “There’s a 
strong demand now by Indian entrepreneurs 
for better protection,” according to Heyde¬ 
mann. “If they innovate, they invest their own 
money to pay for that innovation. They need 
to capture enough of the profit to pay for it, 
and to capture profit, they need to keep the 
competition out of their markets.” 

This ground swell of support, however, 
appears to be a fragile thing, easily shattered 
by inopportune threats. In 1988, fed-up offi¬ 
cials of the U.S. Trade Representative issued 
what amounted to an ultimatum to India, the 
gist of which was that if patent practices did 
not change, there would be serious reper¬ 
cussions—canceled scientific collaborations, 
and so on. The response was predictable. “No 
Indian entrepreneur could stand up for 
stronger patent enforcement, because he’d 
be immediately branded as being subservient 
to the Americans,” Heydemann recalled. “It 
took almost until this year for Indian entre¬ 
preneurs to rally again around this flag of 
strengthening patent enforcement....! just 
hope the United States does not interfere 
now with ill-timed pressures.” 

NUCLEAR MIGHT. India’s sprawling nuclear 
program, a source of national pride [see p. 
36], has also been a source of high tension 
with the West since India’s rejection of the 
Nuclear Nonproliferation Treaty (NPT) in 
1973 and its test detonation of a nuclear de¬ 
vice in the Rajasthan desert a year later. 

That detonation, and the fact that India has 


all the equipment and technology necessary 
to produce bomb-grade plutonium, has led 
many analysts to conclude that India has a 
clandestine program that could rapidly 
assemble nuclear weapons. The plutonium 
for the weapons program was recovered 
from spent fuel that was reprocessed after 
being irradiated in a couple of research reac¬ 
tors at the Bhabha Atomic Research Center 
(BARC), in Trombay, not far from Bombay. 

India has one fuel-reprocessing facility at 
BARC and another, problem-plagued one at 
Tarapur; the plutonium was recovered at 
these two facilities. A better reprocessing 
plant is nearing completion at Kalpakkam, 
near Madras, to the east near India’s southern 
tip. Based on studies of these facilities, it is 
believed that India could have produced some 
400 kg of bomb-grade plutonium by the end of 
next year—enough for some 50 bombs. 

Inda’s persistent refusal to sign the non¬ 
proliferation treaty has led to a number of 
conflicts and tense situations with the West. 
A longstanding one concerns two 160-MW 
reactors at Tarapur, about 2 hours north of 
Bombay, that were built with financing from 
the U.S. (jovemment’s Agency for Interna¬ 
tional Development. The General Electric 
boiling-water reactors are operated under a 
complex agreement that called for the 
United States to provide the enriched ura¬ 
nium fuel until October of last year, and for 
India to store all spent fuel indefinitely and 
not reprocess it without U.S. permission. 

However, because of India’s refusal to sign 
the treaty, the United States stopped sup¬ 
plying enriched uranium to India in 1983 and 
arranged for France to do so until the agree¬ 
ment ran out. Now that it has, France, and all 
other nuclear nations, have declined to sup¬ 
ply more fuel unless India becomes a party to 
the treaty. India shows no sign of taking that 
step, though it has so far not reprocessed the 
fuel. 

The situation could change, however. India 
seems barely to have managed to supply 
enough domestically produced fuel for its 
small group of indigenously designed reac¬ 
tors, the heavy-water types that use natural 
uranium fuel. Electricity is in extremely 
short supply all over the country [see “Elec¬ 
tric power,” p. 51], so the continued operation 
of Tarapur undoubtedly matters. A very 
small gas-centrifuge-type uranium enrich¬ 
ment plant at Trombay is believed inade¬ 
quate to supply the reactors. Another enrich¬ 
ment plant, near Mysore (in southern India 
not far from Bangalore), has been plagued by 
operational problems, according to a U.S. 
government official. So the estimated tonne 
or so of plutonium in the spent fuel from 
Tarapur, a limited amount of which could be 
recovered by Indian reprocessing plants and 
turned into foel, must look tempting to Indian 
officials. 

Whatever the outcome of the Tarapur sit¬ 
uation, India’s continued rejection of the non¬ 
proliferation treaty seems certain. “We feel 
it is a discriminatory treaty,” said R. Chi¬ 
dambaram, chairman of India’s Atomic 
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Energy Commission and the head of the 
country’s entire nuclear effort. “You can’t 
divide the world into two parts—weapons 
states, and non-weapons states.” 

“On the other hand, our record in the 
export of sensitive technology is blemish¬ 
less,” he said in an interview. “We have never 
exported sensitive technology and we will 
certainly never do it in the future.” Such 
technology apparently excludes research 
reactors, which Chidambaram said India is 
willing to export, under the safeguards of the 
International Atomic Energy Agency in 
Vienna. He declined to comment on the 
alleged military nuclear program, or even 
to confirm its existence. 

The controversy related to the Missile 
Technology Control Regime dates to January 
1991, when the former Soviet Union agreed 
to sell the Indian Space Research Organiza¬ 
tion $350 million worth of sophisticated cryo¬ 
genic (liquid hydrogen and oxygen) rocket 
boosters and the technology to manufacture 
them. The United States initiated sanctions 
against the two countries, citing the deal’s 
violation of the control regime. Last July, the 
Russian government bowed to U.S. pressure 
and canceled the deal. India responded as it 
has in the past when denied sensitive tech¬ 
nology—by vowing to develop the technol¬ 
ogy on its own. Experts believe this will take 
about seven years. 

The dispute over labor, finally, is a rela¬ 
tively new one. At issue is the temporary 
employment, in places like California, of 
Indian technical professionals—mostly soft¬ 
ware specialists and engineers—at rates far 
lower than what a local wdth comparable 
qualifications would be paid. At a time of 


severe economic recession in California, the 
contract employment of many technical spe¬ 
cialists from India, the Soviet Union, and 
other countries—at salaries far below those 
prevailing in California—has struck some as 
an unfair subversion of the U.S. technical 
workforce. 

Last autumn, a group calling itself Cali¬ 
fornians for Population Stabilization filed suit 
in California state superior court against Tata 
Consultancy Services (TCS), India’s largest 
software consulting firm, and Hewlett- 
Packard Co., Palo Alto, Calif., accusing the 
firms of conspiring to circumvent U.S. labor 
laws related to minimum pay, benefits, and 
taxation. The suit further alleges that TCS 
treats its overseas employees as indentured 
servants, prohibiting them from seeking 
other opportunites while they are abroad. 

Yash P. Sahni, president of TCS, denied the 
charges. “At any given time, we have about 
350 people in the United States,” who stay 
about a year each, he said. Before they go, 
each must sign an “overseas agreement,” 
requiring them to return to 'PCS in India for 
at least two years after their foreign posting. 
If they do not return, they are liable for 
$30 000, fair compensation for TCS’s invest¬ 
ment in them and ±e damage done to the 
company’s reputation by such departures, 
in Sahni’s view. 

TCS employees are sent abroad because 
most projects require that part of the work 
be done at the customer’s offices, Sahni 
insisted. Regarding the salaries, he said that 
“we do not pay wages there, we pay ex¬ 
penses”—for an apartment, automobile, and 
other necessities. “They continue to receive 
their [regular] salaries here” in India. A highly 


skilled and experienced engineer in Banga¬ 
lore or Delhi might earn the equivalent of 
$4(X) or $5(X) a month. 

Restrictions on the employees’ profes¬ 
sional mobility are necessary, Sahni added, to 
protect TCS and its image. Every year, he 
said, TCS used to lose a few employees, some 
to so-called job-shopping agencies, who hold 
out ±e prospect of a relatively high-paying 
job in the United States. Lately, however, the 
defections have been stanched by legal pro¬ 
ceedings against some of the defectors. 

“We took it up as a matter of principle,” 
Sahni said. “We spend a lot training these 
people. How does it look—^we’ve paid for an 
apartment, a car for him, and insurance. One 
guy was sick, so we paid $25 000 for his med- 
icd care. And after a month or so, he disap¬ 
peared. We have this commitment to the 
people who are giving us visas that our 
employees are going for certain projects, and 
that they will come back when the projects 
are done.” 

LONG, LONG ROAD. Although formidable now, 
these problems may prove mere pebbles in 
the path of the juggernaut that India’s eco¬ 
nomic liberalization has become. Although 
the road might be long and progress often 
slow, the direction is clear. All the major polit¬ 
ical parties, with the exception of those on 
the extreme left, support liberalization in one 
form or another. 

“We’ve only scratched the surface,” said 
Sonawala, the chairman of Hinditron, the 
diversified electronics giant. “In the 1950s, 
the guided economy was necessary, or else 
we would have never come out of our rural, 
agricultural economy. But the time has come 
for the Government to become regulatory 





More than a third of the 
Indian population is under 
14 years of age, and they 
are the most likely 
beneficiaries of the long 
process of liberalization, 
as mil as other efforts to 
bring India’s health indica¬ 
tors, public infrastructures, 
and utilities up to the level 
of other Asian countries. 















rather than supervisory.” 

Even those who staunchly support liber¬ 
alization, however, do so not without reser¬ 
vation. “If liberalization had happened eight 
or 10 years ago, would we even have a C- 
DOT?,” asked P. V. S. Rao, the researcher at 
TIER, referring to the Centre for Develop¬ 
ment of Telematics, whose telecommunica¬ 
tions switches have met with such success. 
“In a totally liberal situation, when we are 
getting technological products from abroad, 
could an organization like a C-DOT emerge? 
No, there wouldn’t be a chance. If that is the 
case, do countries like India keep exporting 
grains and textiles, and importing computers, 
automobiles, and medicines?” 

Possibly, but not likely. With India’s tech¬ 
nical legions, and pervasive entrepreneurial- 
ism, liberalization, given time, could supply 
a large part of what has been missing. And 
the rate of liberalization’s progress will be set 
mostly by the perpetual, day-to-day struggles 
between the reformers, who are mostly 


younger, well-educated officials now starting 
to get into positions of authority, and the 
bureaucrats in the Indian central and state 
governments. The latter, still a potent force, 
correctly see liberalization as an encroach¬ 
ment on their domain and cling tenaciously 
to power, even if it is negative. 

A development worth noting in this regard 
is the professional survival of Manmohan 
Singh, the Indian finance minister and most 
influential champion of reform. In the wake 
of revelations that somewhere under $L5 bil¬ 
lion in public funds had been embezzled in a 
stock and banking scandal, Singh’s noncha¬ 
lance struck many as appalling. The embez¬ 
zled money has never been recovered or 
even precisely tallied for the public. 

Nonetheless, Singh is still finance minis¬ 
ter and the current best hope for progress in 
liberalization; in fact, if anything, his survival 
of a noisy campaign for his ouster has ele¬ 
vated him in the public eye. But like all other 
movers and shakers, he remains vulnerable 


to what is known in India as the ‘fcrab symp¬ 
tom,” after an old fable. 

It seems a fishing boat was out crabbing, 
and a sailor noticed that one of the buckets 
had no lid. Certainly the crabs would jump 
out, he said. But the captain just laughed and 
insisted ±ey would not, because they were 
Indian crabs. The point, which is said to be 
immediately understood in India, is that as 
soon as one crab rose above the others, they 
would pull it down again. 

More than a few have been struck by the 
irony of India’s current situation. The fun¬ 
damental problem now is Government bu¬ 
reaucracy and intervention, but virtually all 
are looking to the Government to solve it. 

“Everyone is looking to the Government, 
which takes the responsibility of telling 
everyone what to do,” Heydemann marveled. 
Ask^ to explain it, he just shook his head and 
smiled. “The more I know about India,” he 
said, “the more difficult I find it to predict 
or analyze things that are typically Indian.” 


Software: a recognizable export, at last 


In less than a decade, 
Indian software exports 
have soared more than 
tenfold, from US $24 mil¬ 
lion in 1985 to an antici¬ 
pated $350 million this 
year. They have provided 
the country with its first 
international recognition for a high-tech 
export, as well as some much-needed foreign 
capital. In the two articles that follow, the top 
executives of two of the largest Indian soft¬ 
ware houses describe the strengths, char¬ 
acter, and history of India’s software indus¬ 
try, and acknowledge the challenges that 
must be met if it is to become the $l-billion- 
a-year industry many believe it will soon be. 

A bona Me im/astiy, 
with a long way to go 



Faqir C. Kohli Tata Consultancy Services 
Among India’s many high-technology en¬ 
deavors, commercial software consulting is 
arguably the only one that has attained a 
measure of recognition worldwide. Last Oc¬ 
tober, a 250-person-year software project 
went into use at Schweizerische Effekten- 
Giro AG, the Swiss securities clearing cor¬ 
poration. Not long before, a reengineering 
and migration project for Britain’s Sun Life 
Assurance Society in Bristol, requiring over 
150 person-years, was completed. For the 
United States, 100-plus person-years went 
into development projects for Fireman’s 
Fund Insurance and AT&T Paradyne. These 
are just a few examples of projects from a 
couple of the largest Indian software houses. 

These days, a computerized network 


links 430 districts on the subcontinent, so 
that big projects may be organized through 
exchange of electronic mail and data. 
Hardware companies are getting into the 
software business, and the use of advanced 
software-writing tools and quality principles 
is on the rise. Clearly, software consulting 
has shaken off its cottage-industry origins 
and is coming into its own. 

Though its growth has been exponential, 
India’s software business and the computer 
industry of which it is a component still 
have a long way to go. Production by the 
country’s entire computer industry in the 
most recent fiscal year (1992-93) was on 
the order of US $1 billion, nearly two-thirds 
of which derived from hardware and the 
rest from software. This $1 billion figure is 
not even a half of a percent of India’s gross 
national product, proof that the domestic 
market is in its infancy. Even the much- 
vaunted exports, which may reach $350 
million this year, are a marginal presence 
on the world scene. 

Such peculiarities of the Indian software 
industry—its belated rise and strong em¬ 
phasis on export—are the product of a 
unique and very short history. Before 1986, 
India’s few and isolated efforts in software 
could hardly be called an industry. Software, 
along with other forms of high technology, 
was perceived as being utterly disruptive of 
employment. There was little or no 
awareness of the usefulness of information 
technology in building up and operating a 
society’s infrastructures. In many areas 
where the technology’s use was already well 
established in developed countries—manu¬ 
facturing productivity, services and adminis¬ 
tration, managing and monitoring national 
plans, and disaster and crisis man¬ 


agement—it was applied in India either in¬ 
effectively or not at all. Yet another hurdle 
was the limited hardware base, a result of 
meagre manufacturing resources and 
severe restrictions on imports and foreign 
exchange. 

Since 1986, however, there has been a 
growing recognition that greater use of 
computers is necessary to step up the 
tempo of economic and social development. 
The stifling maze of restrictions is gradually 
being dismantled, industries are being en¬ 
couraged to develop a computer culture, 
and the export of software services is being 
actively nurtured. In short, computerization 
has become a part of government policy. 

Such activities have helped create a 
software industry worth about $380 million 
in the last fiscal year, about $225 million of 
which was derived from exports [see chart, 
p. 34]. Just a few years ago, the industry 
generated around $150 million, split almost 
evenly between the domestic and export 
markets. 

Perhaps most heartening, the domestic 
software industry is beginning to mature. 
While one-of-a-kind, customized software 
still accounts for about half the market in 
India, the share of mass-market packages 
and application programs is on the increase. 
Indian personal-computer packages for 
bilingual word processing, desktop pub¬ 
lishing, and finance and accounting are 
available. There are computer-aided and 
other software engineering packages and 
tools, drafting and computer-aided design 
products, and anti-virus programs. 

What they all have in common is 
something called “Indianness,” that is to say, 
they are directed toward the Indian user, 
taking into account the country’s unique 
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business requirements and industry norms. 

The trend among Indian software com¬ 
panies is specialization in, for example, com¬ 
munications software, software engineering 
tools, or application software for sectors like 
banldng, or health care. Currently, there are 
more than 150 software companies that 
employ at least 20 people, and most of these 
150 are involved in the export market. 
Together, they employ more than 32 000 
professionals, and the largest—Bombay- 
based Tata Consultancy Services—has a 
staff of more than 3500. 

All told, almost 60 percent of India’s 
software exports go to clients in the United 
States [see pie chart, p. 36], while Europe 
and Japan account for about 25 percent 
between them. Indian companies now work 
on almost all platforms, and have expe¬ 
rience with most computer-aided software 
engineering tools, relational database man¬ 
agement systems, graphical user-interfaces, 
and object-oriented technologies. 

More and more of these exporters are 
developing software in India, rather than 
providing technical workers who work at 
the customer’s site. Nowadays, the total 
amount of work done offshore and that 
done on-site are about the same. 

In addition, a number of non-Indian multi¬ 
national companies have set up dedicated 
software organizations in India, which are 
either wholly owned or joint ventures with 
Indian firms. These organizations supply 
services and skilled professionals to the 
multinationals’ operations elsewhere in the 
world. Examples include Unisys, which has a 
joint venture with Tata called Tata-Unisys; 
IBM, which also has a joint venture, called 
Tata Information Systems Ltd.; Texas In¬ 
struments, whose Bangalore-based software 
operation dates to 1987 and was the first in 
India; and Siemens, Hewlett-Packard, 


British Telecom, Citicorp, AT&T, and 
Hughes Network Systems. 

A variation on this theme is the migration 
of a company’s data-processing operations 
to India. Swissair, for example, has a joint 
venture with Tata Sons Ltd. in Bombay, to 
handle the revenue accounting of its inter¬ 
airline billing and reconciliation. 

Yet another variation is offshore main¬ 
tenance. With a time-zone difference of 
about 10 hours between New York City and 
Bombay, a fault logged by a client at the end 
of ±e business day in Manhattan can often 
be addressed by the next morning ±ere, 
without anyone losing sleep. Such remote 
partnerships are being facilitated by the in¬ 
stallation of dedicated 64-kb/s links between 
key centers in India and various interna¬ 
tional locations. Multiple data links are be¬ 
coming available for videoconferencing, data 
transmission, and voice communication. 
SOUND FOUNDATION. The software industry 
employs people with an assortment of tech¬ 
nical backgrounds, not just in computer sci¬ 
ence or information technology. Inia’s large 
software houses invest heavily in skills train¬ 
ing and continuing-education programs, to 
keep abreast both of developing technology 
specific to an industry and of conceptual 
advances in software, as well as to make up 
for an uneven exposure to software engi¬ 
neering and technology. Some Indian com¬ 
panies spend as much as 5 percent of their 
annual revenues on training. 


Perhaps the biggest effect of these 
efforts will be on quality—all-important in 
this time of intense global competition. In 
order to enhance their acceptability rates 
and quahty image, many software firms are 
working toward certification under ISO 
900L This certification covers design, devel¬ 
opment, reengineering, and maintenance of 
software and corresponds to level three, in¬ 
dicating robust maturity, on a framework 
established by Carnegie Mellon University’s 
Software Engineering Institute in 
Pittsburgh. Already, many are looking 
beyond this standard to the Malcolm 
Baldrige National Quality requirements, 
which call for total quality management and 
benchmarking against accepted quality 
management systems under various cate¬ 
gories. 

What would also help the Indian software 
industry’s image abroad would be a tougher 
line against piracy. Software piracy in India 
stems from the high cost of imported 
software, whose prices are so bloated by 
customs duties that a single package may 
cost almost as much as a brand new 
personal computer. To counter piracy, many 
software companies have started manufac¬ 
turing their products in India, making them 
cost-effective. 

In fact, all of the necessary laws to 
protect intellectual property are contained 
in India’s Copyright Act of 1984. However, 
they need to be implemented and enforced. 
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With its many languages 
and scripts, India needs to 
be able to represent the 
same word in different 
alphabets. Software to per¬ 
form transliteration (as the 
function is known) among 
14 Indian scripts has been 
developed at the Centre for 
Development of Advanced 
Computing (CDAC), in 
Pune. This kind of software 
finds uses in enabling Eng¬ 
lish-language word proces¬ 
sors to be used in a variety 
of Indian languages. 


Kohli—bona fide industry, with a long way to 
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Recently, the government’s Department of 
Electronics set up a national committee to 
deal with the issue. The industry has 
followed suit with an Indian Federation 
Against Software Theft, with the object of 
rooting out and prosecuting pirates. 

THE FUTURE. Software will be a growth indus¬ 
try in India for quite some time. The rate of 
this growth, however, will depend on deeper 
penetration of computers and computer 
technology into business, industry, and many 
other aspects of Indian society. 

Software export is very dependent on the 
size of the domestic market. Without a 
sizable domestic industry, a country cannot 
create the necessary capabilities and build 
momentum in innovation, design method¬ 
ologies and techniques, quality, reliability, 
and credibility—the basic requirements for 
success in exporting software and services. 
In view of this, India has no choice but to 
build a viable, sound, mature, and large do¬ 
mestic computer industry. 

Edward Yourdon, the U.S. software guru, 
visited India in 1989 to research a special 
issue on the country for his monthly publi¬ 
cation, American Programmer. He wrote 
that “to build a viable export industry, India 
must have a strong domestic computer in¬ 
dustry as a foundation—computers must be 
part of every business, part of the culture, 
part of the social infrastructure. At a level 
of one quarter of one percent of the overall 
GNP in 1990, India’s computer industry is 
barely visible.” 

Clearly, a revolution in quality and volume 
of the industry can be fomented only by 
greater sense of the value of software 
within the domestic market. Not only would 
such a mind-set help combat the piracy 
problem, but from a strategic standpoint it 
is important for growth. For only through 
this liid of thinking can the Indian software 


industry get better at managing software 
development, engineering high-quality 
products, and understanding end-users’ 
concerns of usability, maintainability, and 
service. 

That said, the strengths of the Indian 
software industry are formidable, and 
include: 

• An abundance of intelligent, motivated, and 
educated young people who have what it 
takes to be systems analysts, business con¬ 
sultants, and problem solvers. 

• Potentially large, deep markets for com¬ 
puter and information technology. 

• A demonstrated ability to deal with hard¬ 
ware and software technology in designing 
and delivering large and complex software 
systems. 

• Ample entrepreneurial spirit. 

• A government whose attempts at reform 
and sympathetic policies have paved the way 
for international competition and possible 
catalysis of the industry. 

• A strong tradition in research and educa¬ 
tion in mathematics. 

• A growing awareness of, and experience in, 
the technology development cycle and its 
management. 

All that is missing is a robust and sophis¬ 
ticated computer market and culture at 
home. When that last piece is finally in 
place, India’s software industry will become 
the truly viable, vibrant, and competitive 
business that it is fully capable of being. 


Faqir C. Kohli (F) is director-in-charge of Tata Con- 
suttancy Services, the iargest software firm in India 
and one of India's well-known Tata Group of com¬ 
panies. A former director of the IEEE's Region 10, he 
began his career in power engineering with the Tata 
Electric Group in 1951. He has received many 
awards for his work both in electric power and in 
information technology. 


A partner on the other 
side of the glohe 

Ashok Soota _ Wipro International 

In Silicon Valley, at a software vendor spe¬ 
cializing in Unk applications, Derek Smith 
was having problems making the Solaris 
operating system from SunSoft, a subsidiary 
of Sun Microsystems Inc., run on his Intel 
box. So he dialed the number for the toll-free 
helpline. A moment later, a phone rang at 
Orbit 1, a technical support center in the val¬ 
ley managed by Wipro Infotech, headquar¬ 
tered halfway around the globe in India. 

Orbit 1 is an excellent example of high- 
technology leveraging. While it provides 
support for original-equipment manufac¬ 
turers and independent software vendors 
who use SunSoft products, SunSoft itself 
works on higher versions of its Solaris op¬ 
erating system. In effect, Orbit 1 interfaces 
the technology providers, like SunSoft, with 
those who package technology, like Derek 
Smith. 

The support center consists of a band of 
quick-to-react engineers who have a unique 
set of engineering skills. They were hired 
from one of the leading Indian engineering 
colleges, and in their time with Wipro—on 
average three years—had ported Unix to 
several platforms, writing device drivers 
and special end-user enhancements as 
needed. Moreover, to sensitize them to the 
needs of an international set of customers, 
the Bangalore company had the University 
of California, Santa Cruz, train them in mul¬ 
ticultural communications. 

It was one of these engineers, who had 
access to Solaris source code, who sim¬ 
ulated Derek Smith’s problem on-line. In 
just a few hours. Smith got a call back ad¬ 
vising him how to solve his problem. 

This example of technological capability 
is only one of many that have helped propel 
the Indian software industry to a 12 percent 
share and a leadership position in the 
world’s market for what is called outsourced 
software (software work done outside a 
company by hired consultants or experts). It 
was not always so. For years, India had just 
one major player, the pioneering Tata 
Consultancy Services. Started in 1969, this 
company must be credited with being the 
genesis of India’s modem software industry. 

For many years, the dominant software 
development activity was the conversion of 
application software for one mainframe to 
use on ano±er. Later, manufacturing, fi¬ 
nancial, and other programs, as well as 
some vertical applications, began to be de¬ 
veloped. The modus operandi was usually 
to send programmers to the overseas 
country, earning India the moniker of a body 
shop. 

Curiously, India’s earlier policy of a pro¬ 
tected, self-sufficient industry, which 
damaged the country’s competitiveness in 
other fields, contributed positively to its 


India’s software export revenues, 1986-94 


The sum total of India’s software activities for non- 
Indian companies, mostly custom work and pro¬ 
fessional services, has grown more than tenfold since 
total exports of US $24 million were tallied in 1985. 
A hoped-for export level ofSl billion by 1997 will 
require marked progress in liberalizing the economy, 
significant improvements in infrastructure, and 
greater penetration of Indian society by computers. 



Combined annual growth rate = 34% 
(U.S, dollar millions) 


’86-'87 ’87-88 ’88-'89 ’89-'90 ’90-'91 '91-92 ’92-’93 ’93-'94 

Fiscal year (projected) 

Source: National Association of Software and Service Companies, India (Nasscom) 
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Leading software exporters in 1992-93 


Tata Consultancy Services 


Digital Equipment (India) Ltd. 


Citicorp Overseas Software Ltd. 


Wipro SystemsjjdL^l^J 5.73 

I 5.33 Siemens Information Systems Ltd. 
] 5.22 PSI Data Systems Ltd. 


] 5.21 Patni Computer Systems 
5.0 Reesan Information Management Research 
I 4.34 ICIM Ltd. 

~~1 4.28 Texas Instruments 


^ 4.02 Infosys Technologies Ltd. 

I 3.46 Mahindra British Telecom Ltd. 
] 3.06 Silverline Industries Ltd. 

~] 2.76 Index Computing Pvt Ltd. 


(Revenues in U.S. dollar millions) 
Source: Nasscom 


current software capabilities. In the early 
1980s, many Indian computer companies 
entered the closed environment, setting up 
centers that imdertook to design virtually 
everything, including chips, operating 
systems, compilers, graphics, and software 
development tools. In telecommunications, 
too, the country grappled wi± the devel¬ 
opment of rural exchanges, switching 
systems, and other equipment. And having 
no base of proprietary mainframes, India 
adopted open systems and distributed com¬ 
puting even before they became popular in 
the West. All this activity bred a core of spe¬ 
cialists larger and more capable than could 
be kept busy by India’s small domestic 
computer market. 

Then, in the late ’80s, the winds of liber- 
alixation brought in competition, and many 
of these integrated companies folded or 
found it not feasible to serve the Indian 
market alone. The pool of talent then re¬ 
leased gave rise to new entrants who forged 
a software industry with a strong export 
orientation. 

OPENING MARKET. Many of the Indian com¬ 
puter companies entered into joint ventures 
with multinationals, mostly U.S.-based ones, 
which were delighted with the technologi¬ 
cal skills, particularly in Unix. Most of these 
joint ventures, like Digital Equipment India 
and HCL-HP, began to do R&D for their 
overseas partners. 

But the first of the multinationals was 
Texas Instruments Inc., which in 1987 set 
up a subsidiary in the south, in Bangalore, 
for developing computer-aided design tools 
and chip design. Texas Instruments’ venture 
went through teething troubles, mainly con¬ 
nected with satellite communication links, 
and big players watched its efforts with 
skepticism. Fortunately, Indian government 


officials had begun to realize that, after 
missing a number of major opportunities, 
they should try not to miss this one, for 
which India seemed to possess natural com¬ 
petitive advantages and which could be 
critical to the country’s future. Even more 
fortimate, the Department of Electronics 
and Videsh Sanchar Nigam Ltd., the 
country’s external telecommunications 
carrier, had leaders committed to resolving 
the communications issue. 

The measure of their resolve is evident 
from the fact that India today has seventy 
64-kb/s links, apart from other channels, 
providing extensive data communication 
highways to the world. The Department of 
Electronics also cut through bureaucratic 
red tape to introduce many innovations, like 
Software Technology Parks with the kind of 
ready-built infrastructure and resources 
needed to assist entrepreneurs and thereby 
encourage new investments. 

Quickly responding to the changed envi¬ 
ronment, Wipro and a few other players ef¬ 
fected a paradigm shift. Wipro repositioned 
its R&D operation as a laboratory for hire, 
and its customer list today includes many 
Fortune 100 companies in computer design, 
telecommunications, data communications, 
chip design, and other areas. 

Observing all this, many other foreign 
companies began to look seriously at India. 
One of them was Verifone Inc., Redwood 
City, Calif., whose business it is to automate 
and speed up credit card and other retail 
transactions. It needed extensive video, 
voice, and data links between its R&D and 
manufacturing operations. The R&D facility 
that Verifone set up in Bangalore exceeded 
its expectations; by now it is the largest of 
the six R&D labs they have scattered 
around the world, and is still expanding. 


58.5 


India’s top five exporters of software expertise 
account for almost half of all revenues 
earned. Nonetheless, the country’s pervasive 
entrepreneurialism is evident from the fact 
that more than 450 Indian companies export 
software-related services—and the smallest 
200 of these share a combined revenue of only 
$330 000. 

So what does the Indian software scene 
look like today? A few figures are helpful, as 
is a look at the players and the work they 
are doing. 

TODAY'S SCENE. There are about 250 soft¬ 
ware companies in the country plus 350 
start-ups. The software industry employs 
100 (XX) people and can develop several thou¬ 
sand professionals every year. The size of 
the industry is just US million, to which 

exports contribute about 50 percent. Though 
small, it is growing rapidly at a compounded 
average growth rate of 5A percent for soft¬ 
ware exports over the last 10 years. About 80 
percent of the software development activ¬ 
ity is located in three big cities—Bombay, 
Bangalore, and Delhi—but many new lo¬ 
cations are developing at cities such as 
Hyderabad, Pune, Trivandrum, and Madras. 
A high proportion of the software exports 
(59 percent) is still prepared on-site, ac- 
cor^g to the National Association of 
Software and Service Companies in New 
Delhi. 

Fortunately, the offshore component is 
flourishing in step with the growth of expe¬ 
rience and the development of data commu¬ 
nication links. The United States, which ac¬ 
counts for 58 percent of India’s software 
export earnings, is the largest market, while 
five more members of the Organization for 
Economic Cooperation and Development 
account for 22 percent of total exports. 

As for the players, the queen of India’s 
software companies is still Tata Consultancy 
Services, which is headquartered in Bombay 
and has some 3500 employees at locations 
around India and the world. This year the 
company is expected to pass $100 million in 
turnover. The company recently completed 
a project for Sunlife Assurance (in Britain), 
worth an estimated $14 million, making it 
one of the largest reengineering projects in 
the world. Tata Consultancy also invests 
heavily in R&D to improve such aspects of 
its business as software development pro¬ 
ductivity and project management models. 

The next largest Indian player (not 
counting subsidiaries of foreign firms or 
joint ventures between Indian and non- 
Indian companies) is Wipro, which, apart 
from the system software skills mentioned 
earlier, has experience with a number of 
platforms and has developed applications in 
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Worldwide Indian software exports in 1992-93 



The United States, Japan, and Western Europe account for about four-fifths of India’s soft¬ 
ware exports. Lately, labor issues have clouded the India-US. software relationship, and it 
is likely that future growth will be most rapid in Europe and Asia. 


a variety of areas, like banking, work-flow 
automation, and multimedia. Wipro was also 
the first company in India to develop an in¬ 
ternationally successful application-software 
package, which was called Instaplan. 

The third-largest purely Indian software 
firm is Infosys in Bangalore, one of the 
fastest-growing software houses. Recently, 
it helped Reebok, the British-based foot¬ 
wear manufacturer, to dramatically improve 
efficiencies through a manufacturing 
package and composite manufacturing-in- 
formation system. 

There are many more companies: some 
well-established like Computer Maintenance 
Corp., Patni Computers, the National 
Institute of Information Technology, and 
Datamatics; others young and entrepre¬ 
neurial like Encore; and yet others quite spe¬ 
cialized, such as SIS, which focuses on niche 
applications like ISO 9000 certification. 
Along with these are a number of joint 
ventures between Indian and non-Indian 
companies. 

Most of these companies do some of 
their work for the non-Indian partner, but 
also bid for projects from other customers 
from around the world. Many of them are 
working on projects in such cutting-edge 
applications as speech recognition, mul¬ 
timedia, and mobile computing. 

Finally, there is the growing list of orga¬ 


nizations that, encouraged by the success of 
TI and Verifone, have set up their own fully 
owned subsidiaries. These include the likes 
of Motorola, Hughes Communications, 
Grindlays Bank, Deutsche Bank, and 
Citibank. These organizations are using the 
Indian centers to develop products in areas 
of the greatest significance to them in 
worldwide markets. 

India’s software industry is growing 
because it offers quality, a strong technology 
base, and hefty cost savings, particularly 
when the work is done offshore. Many of 
the leading players have invested heavily in 
software tools, computer systems, data 
communications, videoconferencing fa¬ 
cilities, ISO 9000 certification, training, and 
infrastructure. 

Even with so many tools and resources, 
the average cost of developing software in 
India is only about $1800-$2500 per person 
per month, a third or quarter of costs in the 
United States, western Europe, or Japan. 
With its attractive prices, one important 
segment to which Indian software caters is 
the start-up organization funded by venture 
capital, which typically needs to stretch its 
budget and bring new products to market 
quite rapidly. 

HAZARDS AND HOPE. All the above does not 
mean that everything is smooth sailing and 
problem-free. First, India has a track record 


of missing opportunities, and there is grow¬ 
ing competition from software writers in 
Russia and other countries of the former 
USSR, China, and elsewhere. Recessionary 
conditions in the West are leading to such 
protective measures as visa constraints and 
curbs on outsourcing. 

Moreover, India will need to make heavy 
investments to gain a larger share of world 
markets and maintain expertise in the latest 
technologies. R&D in the automation of 
software is inadequate, and Indian mar¬ 
keting has been poor. The fact is, much of 
the large business has come from cus¬ 
tomers like General Electric and Bell 
Northern Research, who had well-defined 
outsourcing plans, rather than through good 
marketing. Finally, though multinationalfe 
may use the Indian base for developing 
state-of-the-art products, hardly any mass- 
market application software that can be 
truly called Indian finds shelf space in world 
markets. 

On the other hand, there are many new 
opportunities. For example, software skills 
can be used for design-intensive hardware 
projects. An integrated company like Wipro 
can also bid for manufacturing, as was suc¬ 
cessfully done in a recent design for a multi¬ 
protocol communication server. In that 
case, the U.S. customer had originally in¬ 
tended to get the manufacture done in 
Taiwan. 

With increasing awareness worldwide of 
the benefits of leveraging, India is set to 
play a valuable part in distributed software 
development. In fact, it continues to confirin 
the paradox of having its tail in the 19th 
century and its head in the 21st, as its 
software industry positions the country as a 
high-tech provider of services, technology, 
and products in the world market. 


AshokSoota is president of Wipro Infotech and vicf 
chairman of Wipro Systems Ltd. The Bangalore't- 
based firms have interesfs in computer software and 
hardware design, and manufacturing. He is also 
president of the Manufacturers’ Association for 
Information Technology, India's largest computer 
industry association. 


Nuclear technology: power to the people 


With its enormous popu¬ 
lation and lofty develop¬ 
ment imperatives, India’s 
need for electric energy 
is prodigious. At least 
300 000 MW of capacity 
must be added by the mid¬ 
dle of the next century if 
±e country’s average per-capita consump¬ 
tion is to approach levels high enough to 
ensure a reasonable quality of life for its peo¬ 
ple. But its fossil fuel resources are modest, 
and the nation has no choice but to exploit 
nuclear power if it is ever to achieve this goal. 


The peaceful application of atomic energy 
has a special place in independent India’s tech¬ 
nology development efforts, having been one 
of the first strategic technologies pursued on 
a grand scale for the sake of national self-suf¬ 
ficiency. The program vras begun 40 years ago 
by Homi Bhabha, the great Indian physicist. 
It has since grown large and comprehensive, 
employing more than 15 000 scientists and 
engineers in four Government research cen¬ 
ters alone; there are in addition several indus- 

R. Chidambaram, Anil Kakodkar, and 
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trial units. The program covers the genera¬ 
tion of electricity; the use of radioisotopes in 
industry, agriculture, and medicine; and the 
transfer of developed technologies to nonnu¬ 
clear industries and activities. 

To electrify more of the country and meet 
its needs for the foreseeable future, India has 
devised a three-stage plan. In the first and 
current stage, a series of pressurized, heavy- 
water reactors (PHWRs) are being deployed, 
They will he used to generate not just elec-! 
tricity but also plutonium for the second 
stage, when a group of liquid-metal, fast- 
breeder reactors will be commissioned. In 
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the third and final stage, ±e emphasis will 
shift to thermal breeder reactors and repro¬ 
cessing technology operating in a uranium- 
233-thorium-232 fuel cycle. Only by exploit¬ 
ing such a cycle can India—^which has the 
world’s largest known re-serves of tho¬ 
rium—hope to achieve long-term energy 
security and self-sufficiency. 

One of the most important milestones in 
the program’s first phase was reached in 
1983, when the first indigenously designed 
and constructed PHWR was commissioned 
at the Madras Atomic Power Station at Kal- 
pakkam in Tamil Nadu, India’s southernmost 
state. Since then, four more of the reactors 
have come on line, five are under construc¬ 
tion, and four are in the planning phase. All 
of the operating reactors are 220-megawatt- 
electric (MWe) units. The design for a 500- 
MWe model has also been completed, and 
the first reactor of this design is ex-pected to 
begin construction later this year. 

India’s PHWR design was based on the 
Canadian Deuterium (Candu) reactor, two 
units of which were built, partly with Cana¬ 
dian collaboration, not far from Kota, in the 
northwest state of Rajasthan. The PHWR 
design was selected because its natural ura¬ 
nium oxide fuel is relatively easily produced. 

India’s nuclear power stations 


Apart from the reactor itself, all the infra¬ 
structure—the heavy-water production 
equipment, zirconium-alloy products, fuel, 
and instrumentation and control systems— 
are of Indian design and construction. 

The country’s proven uranium reserves 
are modest, however, amounting to only 
about 67 000 metric tons. In view of the size 
of these reserves, the plan is to limit PHWR 
construction to a capacity of about 10 000 
MW in all. Available reserves should be ade¬ 
quate for sustaining operation of this kind 
of PHWR capacity for 40 years, by which 
time the second phase (the fast-breeder pro¬ 
gram) will be well under way. 

The foundation for this second phase was 
laid not long ago with the construction of the 
fast breeder test reactor, which first achieved 
criticality in 1985. The system, whose design 
was inspired by the French Rhapsodic reac¬ 
tor, has a thermal rating of 40 MW. So far it 
has been operated up to only 10 MWt. In the 
next few months, steam is to be channeled 
from the reactor into a turbine to generate 
the first electricity to come from an Indian 
breeder reactor. As the core is expanded, the 
reactor power will be raised to its full design 
capacity. 

The reactor uses an advanced uranium- 


plutonium mixed-carbide fuel developed 
indigenously. The fuel has special relevance 
in the Indian context in view of the need to 
realize short doubling time, the period nec¬ 
essary for the reactor to breed extra fuel 
for ano±er reactor. 

This experimental reactor has provided 
the insights, experience, and confidence 
needed to design a 500-MWe prototype fast 
breeder reactor. Design of this liquid- 
sodium-cooled reactor and its sodium-to- 
water steam generator has been a great and 
complex engineering challenge. Many diffi¬ 
cult problems had to he solved in heat trans¬ 
fer, mass transfer, reactor control and 
instrumentation, materials (of both fuel and 
reactor structures), chemistry (of both the 
sodium coolant and the fuel), and safety 
analysis. The design specifies a number of 
passive safety features, such as large, nega¬ 
tive, temperature and power coefficients and 
decay-heat removal though thermosiphon. 

At present, technology for manufacture of 
the components and equipment needed for 
the reactor is under development, and con¬ 
struction of the reactor should begin shortly. 
Completion is planned for the 2007 time 
frame, after which a series of these reactors 
would be built all over the country. 



AECL = Atomic Energy of Canada Ltd,; EEC = English Electric Co., Canada; GE = General Electric Co„ U.S.; MECO = Montreal Engineering Co., Canada, 
(a) Tarapur 1 and 2 are boiling-water reactors; all the rest are pressurized heavy-water reactors. 

Source: Nuclear News, September 1993; additional information from Nuclear News sfaff 
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Although reuse of radionuclides in breed¬ 
er reactors should extend India’s reserves by 
a factor of 80, the subcontinent’s need for 
power is so great that still other sources 
must be developed to meet longer-term 
needs. A sustained R&D program has there¬ 
fore been pursued on all aspects of thorium 
utilization. The centerpiece of this effort is 
a small reactor in Kalpakkam, called the 
Kalpakkam Mini Reactor, or “Kamini” (which 
happens to be a Hindi word loosely translat¬ 
ing as “adorable woman”). 

UNIQUE REACTOR. The theory and practical 
aspects of thorium utilization have been stud¬ 
ied and considered in the United States, 
France, and other countries; but the 30-kWt 
Kamini is the first and only reactor ever built 
actually to operate in this exotic fuel cycle. 
The Indian program embraces the entire 
cycle, from irradiation of the thorium-232, 
through reprocessing to recover uranium- 
233 and fabrication of the U-233 fuel, to 
design of a reactor for the U-233 and Th-232 
fuels. 

Still other aspects of the fuel cycle are 
being explored. Recently, thorium, rather 
than the usual depleted uranium, was used in 
the first PHWR at Kakrapar for initial power 
flattening, an exercise necessary for bring¬ 
ing a new reactor core up to full power. Work 
in this area will continue. 

In addition, a start has been made on 
designing an advanced, heavy-water reactor 
based on the thorium-uranium blanket core 
driven by mked-oxide-fueled seed regions. 
The reactor will be self-sufficient in U-233 
and generate about 75-80 percent of its 
power from thorium, keeping use of pluto¬ 
nium to a minimum. 

Meanwhile, implementation is under way 
of the modifications necessary for the intro¬ 
duction of mbced-oxide fuel in the reactors of 


the Tarapur Atomic Power Station, to sustain 
their operation. 

India’s nuclear electric program in general 
and its breeder-reactor projects in particular 
bear ample witness to the country’s self- 
reliance policies. Research in this area has 
nurtured robust and indigenous problem¬ 
solving capabilities, and helped the country 
move toward its goals of energy security and 
self-sufficiency. 

REPROCESSING REQUIREMENT. Certainly, in 
India’s special case, the need for adequate 
energy supplies points to the necessity of 
reprocessing spent fuel and the recycling of 
plutonium and later uranium-233 in breeder 
reactors to fully exploit the fuels’ energy 
potential. As developing countries—^where 
most of the world’s people live—become 
more electrified, energy policies must be for¬ 
mulated that respond not only to people’s 
needs but also to the environmental impact 
of succeeding generations of technology. 

India owes its accomplishments in nuclear 
science and technology to a large and diverse 
establishment, but a big share of the credit 
must go to its four research centers. The 
Bhaba Atomic Research Centre at Trombay 
(near Bombay on the west coast) is the 
mother institution. BARC, as it is known, 
serves R&D in many fields, ranging from the 
basic sciences to several applied disciplines, 
including materials research, electronics, and 
engineering. It also caters to the R&D needs 
of the thermal-reactor-based power pro¬ 
gram, the production and application of iso¬ 
topes, and health and safety issues in nuclear 
science. The center also has the technology- 
development infrastructure needed for 
instrumentation support. 

The Indira Ganiii Centre for Atomic 
Research, located in Kalpakkam, focuses 
mainly on the development of fast-breeder 


India’s energy resources 



(a) In billion tons ot coal equivalent (BTCE). 

(b) Assumes 20 percent of all waste land Is used for energy plantation. 

(c) Maximum capacity Is 20 GWe with a plant load factor of 15-20 percent. 

India’s energy resources include substantial known reserves of coal and thorium, which could 
see the country through for centuries. The middle column indicates the amount of electrical capac¬ 
ity that could be comfortably sustained by the known reserves of each fuel. The rightmost col¬ 
umn, indicating the years remaining, has been calculated using the first two columns and by 
assuming a 70 percent load (capacity) factor. Another assumption was an energy conversion 
factor whereby 3.5 billion tonnes of coal equivalent are required for 1 terawatt-year of electric energy 


technology. It also has extensive programs in 
metallurgy, materials science, radiochem¬ 
istry, reprocessing, and safety. As for the 
other two laboratories, the Variable Energy 
Cyclotron Centre promotes accelerator- 
based research, and the Centre for Advanced 
Technology concentrates on developing laser 
and accelerator technologies. 

A number of industrial units have also 
been set up to cover the whole range of the 
fuel cycle. For example, the Nuclear Power 
Corp. of India Ltd. designs, constructs, and 
operates nuclear power reactors. The Heavy 
Water Board designs, constructs, and oper¬ 
ates the equipment necessary to produce the 
heavy water that moderates the PHWRs. 
Obviously, all this work is aimed at producing 
atomic energy, but many of its fruits find 
applications elsewhere. 

One such area of attention has been super¬ 
conductive materials, including multifila¬ 
mentary niobium titanium wires. Research¬ 
ers are developing high-current-carrying 
conductors for cables as part of the acceler¬ 
ator program (an early use is expected to be 
in an accelerator’s high-power magnets). 

Other beneficiaries of the nuclear pro¬ 
gram have been the medical, agricultural, and 
food-preservation industries, all crucial to 
India’s industrial aspirations. BARC’s two 
large reactors at Trombay form a large base 
for the production of isotopes, and extensive 
facilities have been set up for processing the 
isotopes and converting them to forms suit¬ 
able for assorted applications. 

A recently convened Board of Radiation 
and Isotope Technology is active in expand¬ 
ing radiation and isotope use on a commer¬ 
cial scale. The application of isotopes to diag¬ 
nosis and therapy today spans preparations 
based on iodine-131 and phosphorus-32, alcmg 
with other labeled compounds. In addition, 
several technetium-99 generators are play¬ 
ing an important role in nuclear medicine. 
Radio-immunoassay kits are routinely being 
made available for the estimation of a spec¬ 
trum of biological agents like hormones, vit¬ 
amins, drugs, and viral proteins in body flu¬ 
ids, for early diagnosis of disease. 

Intense cobalt-60 sources ranging from 
3000 to 10 000 curies, encapsulated at BARC, 
are being used therapeutically in 62 cities in 
the country. These units treat between 1.5 
million and 2 million cases per year, includ¬ 
ing about 60 000 new patients admitted annu¬ 
ally to cancer hospitals across India. Radia¬ 
tion is also being used commercially to 
sterilize medical products at Isomed in 
Trombay, Rashimi in Bangalore, and at the 
Sri Ram Medical Institute in New Delhi. 

Industrial applications are numerous. 
Among those commercialized are radiogra¬ 
phy and the use of tracers and sealed sources 
for process control and diagnosis. A sewage- 
sludge hygienization plant with a 150 000- 
curie cobalt source sanitizes half the sewage 
of the city of Baroda. Other radiation-pro¬ 
cessing applications include vulcanization of 
natural rubber latex, and cross-linking of 
polymers for cables and sleeves. 
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Heavy water, used to mod¬ 
erate and cool the cores of 
India’s indigenously de¬ 
veloped reactors, is pro¬ 
duced at a plant in Man- 
ugum. Fueled with easily 
produced natural ura¬ 
nium, India’s pressurized 
heavy-water reactors are 
based on the design of the 
Canadian Deuterium 
(Candu) reactor. 


Big strides have been made with nuclear 
applications in agricultural research, too. 
Evolving high-yielding varieties of plants 
through radiation-induced mutations and the 
use of radiotracer techniques to study fer¬ 
tilizer and pesticide uptake are two research 
thrusts of interest. So far, over a dozen plant 
varieties have been created through muta¬ 
tion and a program of systematic breeding. 
These include four varieties of groundnut, 
two each of pigeonpea, blackgram, green- 
gram, and mustard, and one each of rice and 
jute. Released for commercial cultivation, 
they are now growing on several hundred 


thousand hectares. The main objective has 
been development of high-yielding plants, but 
other features being sought are early or late 
maturation, larger pod size, and resistance to 
biotic and antibiotic stresses. 

Use of radiation for food preservation is 
another of BARC’s activities. So far, clear¬ 
ance has been obtained for the irradiation 
of spices, frozen sea foods, and onion. Simul¬ 
taneously, the construction of radiation-pro¬ 
cessing plants has been undertaken. 

India’s atomic program has come of age. 
The efforts are resilient enough to meet the 
challenges that arise, and a large, multidis¬ 


ciplinary pool of technical and scientific 
workers ensures its continuing contribution 
to national development. While the program 
has many achievements to its credit, there 
are many more yet to come. 


B. Chidambaram is chairman of the Atomic Energy 
Commission, the Government agency that ptans, 
coordinates, and oversees all nuclear activities in 
India. Anil Kakodkar is director of the Bhabha 
Atomic Research Centre's Reactor Design and 
Development Group, and Placid Rodriguez is direc¬ 
tor of the commission's Indira Gandhi Centre for 
Atomic Research, in Kalpakkam. 


Aerospace technologies: a terrestrial focus 



In 1963, a rousing and his¬ 
toric year of early manned 
space flights by the 
United States and the 
then Soviet Union, 
another space program 
was getting off to a mod¬ 
est but auspicious start in 
a fishing village near the southern tip of 
India. On Nov. 21 of that year, a two-stage 
sounding rocket called Nike-Apache was 
launched from Thumba, near the town of 
Trivandrum and the earth’s magnetic equa¬ 
tor. The rocket, carrying a sodium-vapor 
release payload weighing 23.3 kg, reached an 
altitude of 207.6 kilometers. India had taken 
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the first step of its journey into space. 

A national space program was formally 
organized some time later. In 1972, the Indian 
government set up its Space Commission for 
formulating policies and a Department of 
Space and Indian Space Research Organi¬ 
zation, the commission’s technical and sci¬ 
entific arm, for implementing those policies. 
The space program was given the well- 
defined objective of applying space technol¬ 
ogy to communications, meteorology, and 
resources management—goals that have 
guided its growth into a diversified effort 
with a list of capabilities and achievements 
unmatched elsewhere in the developing 
world. 

The grassroots orientation of the program 
was established early on, with a series of 
experiments in the mid- and late 1970s in 


satellite television, telecommunications, and 
remote sensing. A dual-track effort was sus¬ 
tained: projects on non-Indian platforms 
were carried out in parallel with develop¬ 
ment of India’s own satellites. 

Through the use of the United States’ 
ATS-6 satellite, for example, a series of edu¬ 
cational programs on health, family planning, 
agriculture, and the like were broadcast to 
over 2500 Indian villages in 1975-76. The 
short-lived project was part of the Satellite 
Instructional Television Experiment and 
stands to this day as one of the most impor¬ 
tant sociological experiments done in India 
using aerospace technology. A similar Satel¬ 
lite Telecommunication Experimental Pro¬ 
ject used the French-German Symphonie 
satellite during 1977-79, and remote-sensing 
experiments used aircraft-mounted cameras 
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or data from the U.S. Landsat satellites. All 
these applications demonstrated the utility of 
space-based systems for a large, developing 
country like India. 

In the meantime, space hardware was 
being developed \vith an eye to founding a 
self-reliant and self-sustaining program. 
Named after an Indian astronomer of anti¬ 
quity, Aryabhata, India’s very first satellite, 
was launched on April 19,1975, and taught the 
country its first lessons in operating a satel¬ 
lite in orbit. It was followed by two experi¬ 
mental remote-sensing satellites named 
after the ancient Indian mathematician and 
astronomer, Bhaskara (which also means 
“sun” in Hindi). The two Bhaskara satellites 
were launched, like Aryabhata, on Soviet 
Intercosmos rockets, in June 1979 and 
November 198L 

INSAT IN ORBIT. While valuable in their own 
right, these and similar experiments can be 
seen as laying the foundation for the momen¬ 
tous Indian National Satellite Qnsat) program, 
which continues to this day. Besides being, in 
many ways, the mainstay of the Indian space 
program, Insat has been one of the most suc¬ 
cessful technological initiatives in Indian his¬ 
tory. 

Admittedly, the first and third of these 
multipurpose geostationary satellites failed 
in orbit. But the second, launched in August 
1983 aboard the U.S. space shuttle Chal¬ 
lenger, and the fourth, wWch is still in service, 
opened up a new era for telecommunications, 
TV broadcast, and meteorological services in 
India. This first generation of Insat satellites 
were built by Ford Aerospace (now Loral 
Space Systems) in Palo Alto, Calif. They 
carry 12 C-band telecommunications trans¬ 
ponders, two high-power S-band TV broad¬ 


cast transponders, a very high-resolution 
radiometer for meteorological ear± imag¬ 
ing, and a data relay transponder. This last 
instrument relays meteorological, hydrolog¬ 
ical, and oceanographic data from unat¬ 
tended land and ocean-based platforms. 

The second Insat generation was designed 
and built within India. Insat-2A and -2B were 
launched on July 10,1992, and July 23,1993, 
on Ariane vehicles. Besides the suite car¬ 
ried by the first generation, they have six 
extended C-band telecommunications trans¬ 
ponders, an even higher-resolution radiome¬ 
ter (2 km in the visible spectrum and 8 km 
in the infrared), and a transponder for satel¬ 
lite-aided search and rescue operations. 

Three more of these second-generation 
satellites are being built. Insat-2C and -2D, 
incorporating the Ku-band transponder in 
place of meteorological payloads, are sched¬ 
uled for launch in 1995 and 1996, while Insat- 
2E, with an improved meteorological payload, 
is to be launched in 1997. All the Insats are 
controlled and operated from a master con¬ 
trol facility in Hassan, in the state of Kar¬ 
nataka in southern India. 

The Insats have revolutionized communi¬ 
cations in India, enabling, for example, re¬ 
mote villages and various island territories to 
be brought into the national telecommuni¬ 
cation network. The Insat system now cov¬ 
ers 161 routes, 140 earth stations, and more 
than a thousand very small-aperture termi¬ 
nals (VSATs). 

Besides the usual administrative, business, 
computer communications, and information- 
exchange applications, Insat’s wide geo¬ 
graphic reach has made several specialized 
services possible, such as news and facsimile 
transmission and emergency communica¬ 



tions for relief operations after a disaster. Its 
uses range from telegraphy in the moun¬ 
tainous regions of northeastern India to 
spread-spectrum data communications over 
the Government-sponsored National Infor¬ 
mation Centre Network (Nicnet) between 
district headquarters, state capitals, and cen¬ 
tral Government departments. Similar uses 
are too numerous to include here. 

Because it is the only geostationary satel¬ 
lite above the Indian Ocean to have meteo¬ 
rological-imaging capabilities, Insat has 
become important for both local and world¬ 
wide weather monitoring. Normally the 
satellite’s very high-resolution radiometers 
make images every half hour—or more 
often during cyclones and hurricanes. These 
complement data from over a hundred 
remote, unattended meteorological data-col- 
lection platforms, markedly improving the 
quality of forecasts. 

A novel use of Insat has been in the imple¬ 
mentation of the unique, unattended, locale- 
specific Disaster Warning System, with over 
100 receivers installed along India’s cyclone- 
prone east coast. Since its commissioning 
in 1987, the system has become a vital means 
of softening the impact of disasters: in May 
1990 it helped save over 170 000 people by 
timely evacuation before a devastating cy¬ 
clone hit. 

Nor is this Insat’s only life-saving feature; 
a satellite-aided search-and-rescue transpon¬ 
der has been incorporated on the Insat-2s 
to issue instantaneous emergency alerts in 
the Indian Ocean region. It is compatible with 
the international Cospar-Sarsat system, 
under which two local user terminals, at Ban¬ 
galore and Lucknow, have been established. 

Such vital uses notwithstanding, Insat’s 
most dramatic impact 
has been in the rapid 
expansion of India’s 
TV and radio net¬ 
works. About 550 TV 
I transmitters today 
reach over three- 
quarters of the popu¬ 
lation, and more than 
100 000 direct-recep¬ 
tion sets have been 

The year-long Satellite 
Instructional Televi¬ 
sion Experiment, be¬ 
gun in August 1975, 
brought educational 
television programs on 
health, family plan¬ 
ning, agriculture, and 
the like to some 2500 
Indian villages. The 
project made use of the 
United States’ ATS-6 
satellite, and stands to 
this day as one of the 
most important socio¬ 
logical experiments 
done in India using 
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installed, in both urban and rural areas. In 
addition, Insat is used to network India’s 108 
radio stations. 

Thirteen regional TV channels carry pro¬ 
grams in all the principal Indian languages. 
Transportable earth stations have enabled 
TV coverage of holiday celebrations, sport¬ 
ing events, elections and other news, and cul¬ 
tural festivals in all parts of the country. 
Indigenously developed satellite news-gath¬ 
ering vehicles, with umbrella antennas that 
can fold shut, are helping to streamline dis¬ 
semination of news. 

Much of this broadcast material is educa¬ 
tional in nature, with about 100 hours of pro¬ 
gramming being transmitted every month 
to more than 4000 schools and colleges. Facil¬ 
ities for producing educational programs 
have been established at national and state 
levels. Demonstrations of interactive educa¬ 
tional TV, for training teachers, educating 
farmers, and continuing the education of 
industrial workers, have been conducted. 
Planned for launch before the turn of the cen¬ 
tury is a dedicated satellite for education, to 
be called Gramsat (gram is Hindi for ‘Village”). 
REMOTE SENSING. Although sometimes over¬ 
shadowed by the multipurpose and high-fly¬ 
ing Insats, a separate satellite fleet for the 
indispensable task of remote sensing also 
looks down on the subcontinent and beyond. 
These Indian Remote Sensing (IRS) satel¬ 
lites are operated under the umbrella of the 
National Natural Resources Management 
System, which is supervised by the Depart¬ 
ment of Space. Their highly diverse, critical 
tasks include the estimation of agricultural 
crop area and 5 deld, drought warning and 
assessment, flood control and damage 
assessment, land use and land-cover map¬ 
ping for agro-climatic planning, wasteland 
management, and water resources manage¬ 
ment. They also help in the surveying and 
management of ocean and marine resources, 
urban development, mineral prospecting, 
forestry, and other functions. 

At present, two remote-sensing satellites, 
IRS-IA and -IB, are in operation, having been 
launched on Soviet Vostok rockets in March 
1988 and August 199L Their payloads include 
two advanced imaging sensors, known as lin¬ 
ear imaging self-scanners, with resolutions 
of 36.25 and 72.5 meters and swaths of 145 
and 148 km, respectively. Their cameras can 
operate in four spectral bands in the range 
of 450-860 nanometers. 

The IRS satellites are in polar sun-syn¬ 
chronous orbits at a height of 904 km and 
with an orbital period of 103 minutes. They 
return to their original orbital trace every 22 
days, enabling repeated collection of data 
over the same place and local time. 

The second generation of IRS satellites, 
the -1C and -ID models, incorporate an 
improved camera that will operate in three 
visible and near-infrared spectral bands; its 
ground resolution is 20 meters in the visible 
band and 70 meters in the infrared. Another 
camera functions panchromatically, with res¬ 
olution of 10 meters, and a wide-field sensor 



The Polar Satellite Launch Vehicle was 
launched on its first developmental flight last 
Sept. 20. It failed to place the remote-sens¬ 
ing satellite it was carrying into the intended 
orbit, but it did verify the operation of almost 
all of the rocket’s subsystems. The second 
developmental flight of the 280-tonne, 44- 
meter-tall rocket is scheduled for later this 
year, pending analysis of the data from the 
first flight and any necessary modifications. 

operating in visible and near-infrared, with 
resolution of 188 meters and a swath of 774 
km. IRS-IC is to be launched sometime this 
year or next and -ID, during 1996-97. 

The IRS satellites are tracked and moni¬ 
tored by a control center in Bangalore, along 
with ground stations at Lucknow and Mau¬ 
ritius, off Madagascar in the Indian Ocean. 
Data is received at a National Remote Sens¬ 
ing Agency station at Shadnagar, near 
Hyderabad, and processing and distribution 
is carried out by the same agency at facilities 
in Hyderabad. 

Agriculture has the highest-priority use of 
this data. More than three-quarters of India’s 
population depends for its livelihood on the 
land. Remote sensing is now used routinely 
to predict areas and yields of crops like 
wheat, rice, and sorghum; oil seeds such as 
groundnut and mustard; and commercial 
crops such as cotton, mulberry, tea, and 


tobacco. Harvests have been predicted with 
accuracies of up to 90 percent for vast areas 
covered by a single crop. Crop stress is also 
monitored by using satellite data for early 
warning of drought. Fortnightly bulletins are 
issued to assist the authorities and agricul¬ 
tural resource planners in dealing with situ¬ 
ations on a near real-time basis. Under devel¬ 
opment are methodologies for applying 
remote sensing to the timely detection of 
pests and disease. 

A national project was recently completed 
using remote-sensing satellite data to gen¬ 
erate information on land use and land cover 
for the entire country. The data will serve 
areal planning, management and utilization 
of land for agriculture, forestry, urban and 
industrial environments, and so on. Accurate 
information on agricultural land use, includ¬ 
ing cropping patterns, fallow and grazing 
lands, and surface water, has been gleaned 
through the project. 

Forest maps, too, have been prepared 
showing that India’s closed forest cover dur¬ 
ing 1975-85 had fallen from 14 to only U per¬ 
cent of the country’s total land area. In 
response, India’s Forest Survey is now map¬ 
ping all of the country’s forests every two 
years using satellite data. In addition, new 
techniques for estimating the density and 
volume of forests are being developed. 

Mankind’s encroachment has also left 
India with huge tracts of land now believed 
unusable. About 20 percent of India’s land 
area is held to be wasteland because of 
excessive use of fertilizers, faulty irrigation, 
excessively prolonged agriculture, use of 
slash-and-bum clearance techniques, and the 
spread of desert. Countrywide mapping of 
wasteland by means of space images identi¬ 
fied 13 distinct wasteland categories at the 
village level. It has since been found that 
almost half of these wastelands—some 25 
million hectares in all—could be reclaimed 
with appropriate agricultural practices. 
WATER MANAGEMENT. Satellite images are 
routinely used to help in managing water 
resources. They assist in, for example, the 
prioritization of watersheds, monitoring of 
surface water bodies, studies of rainfall 
runoff, and irrigation scheduling. Linking 
satellite data to other information on rainfall, 
soil types, slopes, and land-use patterns has 
made it possible to estimate erosion rates, 
plan erosion control measures, and identify 
sites for water harvesting. 

Hydro-geomorphological maps generated 
with satellite data are in wide use for locat¬ 
ing borewells. All of India’s territory has 
been mapped to identify aquifers capable of 
providing people with drinkable water. Some 
200 000 wells have been located, and statis¬ 
tics show a 90 percent success rate for tech¬ 
niques using satellite data—more than twice 
the rate achieved without this data. 

Models have been developed for the 
Himalayan river basins to map the changing 
seasonal snow cover and to estimate runoff 
from the snow-melt during the summer. 
These estimates, made three to four months 
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The Insat series of multipurpose satellites 
opened up a new era for telecommunications, 
TV broadcast, and meteorological services in 
India. The second generation of these satel¬ 
lites, including the Insat-2A pictured here, 
was designed and built within India. Insat- 
2A was launched on July 10, 1992, on a 
European Ariane vehicle. This generation 
improved on the first with additional telecom¬ 
munications transponders, a higher-resolu¬ 
tion radiometer, and a transponder for satel¬ 
lite-aided search and rescue operations. 
Three more of these second-generation satel¬ 
lites are being built. 


before runoff with an accuracy better than -3 
percent, are improving the use of water for 
electric power generation and irrigation. 
Remotely sensed data serve also to identify 
and prioritize areas prone to erosion in var¬ 
ious watersheds, as well as providing inputs 
for projects for removing silt. Seasonal 
changes in the volume of water in the larger 
reservoirs and in agricultural crops are being 
studied to draw up plans for the best use of 
water. 

A similar satellite function is to supply 
real-time information on heavily flooded 
areas, for the purpose of rehabilitation. 
Quantitative estimates of the damage to 
infrastructure and crops are also provided. 
Monitoring the patterns of inundation year 
after year has helped to identify safer areas 
in zones at risk, both for the sake of rehabil¬ 
itation and long-term flood control. 

Other uses of satellite data have been in 
mineral exploration and urban-area and 
coastal-resource planning. Digital analysis of 
data has yielded land-use and urban-sprawl 
maps of the big Indian cities, invaluable for 
siting industries, housing, and infrastructure 
as these cities expand. Likevnse, maps of the 
country’s entire coastline have assisted in 
identifying brackish water and bodies of 
water suitable for inland fisheries. Method¬ 
ologies have been developed for identifying 
areas rich in fish: from estimates of the den¬ 
sity of phytoplankton and the distribution of 
ocean temperatures, forecasts of the where¬ 


abouts of schools of fish are made and broad¬ 
cast to guide fisherman. 

As valuable as such applications are by 
themselves, their utility soars when tied in 
with a holistic development program. This 
is the philosophy behind the recently estab¬ 
lished Integrated Mission for Sustainable 
Development, under which 157 districts have 
been identified and implementation begun in 
six districts. In this program, remotely 
sensed data is used to prepare maps showing 
the land as is: surface bodies of water, zones 
with ground-water potential, and areas 
where the ground water needs recharging, 
as well as types of soil (degrees of salinity, 
alkalinity, and erosion), existing land use, dis¬ 
tribution of waste land, and so on. 

Then, when space-based and meteorolog¬ 
ical data are combined with socioeconomic 
factors, integrated land and water resource 
maps are prepared. These show micro-level 
information and highlight priority areas for 
agricultural development, fuel and fodder 
development, soil conservation and refor¬ 
estation, and the like. The overall goal is a 
package of practices and strategies for 
addressing local problems and leading to sus¬ 
tainable development. 

UP, UP, AND AWAY. Of course, before we can 
aspire to such heights, we must be able to 
reach earth orbit. In keeping with its long¬ 
standing emphasis on self-sufficiency, India 
has an ambitious launch-vehicle program 
designed to send its own remote-sensing and 


communications satellites into orbit. 

India’s efforts in this area began with the 
launch in July 1980 of the SLV-3 booster, 
which placed a 40-kg Rohini satellite into a 
near-earth orbit. The 22.7-meter-tall SLV-3 1 
was an all-solid-fuel four-stage vehicle with 
a lift-off weight of 17 metric tons. Two more 
launches of SLV-3s were conducted in May 
1981 and April 1983, both times carrying 
Rohini satellites equipped with solid-state 
imaging sensors. 

The next vehicle, known as the Aug¬ 
mented Satellite Launch Vehicle (ASLV), was 
successfully launched from Sriharikota 
Range on May 20,1992. This was the vehi¬ 
cle’s third developmental launch, and it 
injected a Stretched Rohini Satellite into a 
near-earth orbit. The vehicle is a five-stage, 
solid-propellant rocket capable of putting a 
150-kg payload in near-circular orbits. It also 
led to the more advanced Polar Satellite 
Launch Vehicle (PSLV) and Geosynchronous 
Satellite Launch Vehicle (GSLV). 

The 280-tonne, 44-meter-tall PSLV can 
put a remote-sensing satellite in the 1000- 
kg class into a 900-km polar sun-synchronous 
orbit. The first of its four stages straps six 
motors derived from the SLV3 round a 125- 
tonne solid-propellant motor with a 2.8- 
meter diameter. The second stage, also 2.8 
meters in diameter, is based on liquid-engine 
technology and uses 37.5 tonnes of propel¬ 
lant. The third and fourth stages are 7.2- 
tonne solid-propellant and 2.()-tonne liquid- 
propellant motors, respectively. The rocket 
is guided by a closed-loop system with on¬ 
board processing. 

'The first devebpmental flight of the PSLV 
took place last Sept. 20. Though it failed to 
place the IRS-IE it vras carrying into the 
intended polar orbit, it did verify the func¬ 
tioning of almost aU subsystems. The second 
such flight is scheduled for later this year, 
pending analysis of data from the first flight 
and modification based on that analysis. 

Development of the three-stage GSLV is 
now under way. It is to be capable of launch¬ 
ing 2500-kg-class communication satellites 
into geostationary transfer orbit. It is derived 
from the PSLV in that it replaces the six 
solid-propellant strap-on motors of the ear¬ 
lier vehicle’s first stage with four liquid-pro¬ 
pellant ones derived from that vehicle’s sec¬ 
ond stage; it also substitutes a single cryo¬ 
genic stage for the upper two stages of the 
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PSLV. The first developmental flight is 
planned for the 1995-96 time frame. 
HIGH-TECH INDUSTRY. The exacting require¬ 
ments of India’s space program have de¬ 
manded the participation of industry on a 
large scale, so India has from the very begin¬ 
ning striven to involve its businesses in the 
endeavor. The volume of orders has grown 
from around 100 million rupees during the 
1970s to over 7 billion rupees during 1985- 
90. Of late, research, design, and develop¬ 
ment engineering contracts have also been 
awarded to elite Indian industries for com¬ 
plex subsystems and projects. In addition, 
over 200 technologies developed under the 
space program have been transferred to 


industries all over the country. 

With aE this diffusion of tasks, skills, tech¬ 
niques, and technologies, a vibrant and 
dynamic space industry has emerged that 
cuts across small, medium-sized, and large 
concerns in both pubhc and private sectors. 
The program has become an integral part 
of Indian society, with benefits extending 
over several areas of endeavor. 

Our challenge in this decade will be not 
only to consolidate benefits accrued so far, 
but to set out on new pathways. For two 
decades, space activity in India has focused 
on benefiting the populace at large and it will 
continue to do so. The pivotal part it has 
played in dealing with the major national 


tasks, and in particular its emphasis on trans¬ 
forming the lives of those living in remote 
areas and bringing them into the mainstream 
of the nation, make the program unique, and 
perhaps a model for other developing coun¬ 
tries perched on the threshold of space. 


K. Kasturirangan is director of the indian Space 
Research Organization’s Sateliite Centre in Banga- 
iore and a member of the Space Commission, India's 
policy-making body for aerospace activities. He has 
held various posts in the satellite program, includ¬ 
ing project director for the Bhaskara and IRS-1A 
satellites. He is chairman of India's Advisory Com¬ 
mittee on Space Sciences and of Cospar's panel on 
Space Research in Developing Countries. 


Telecommunications: at least a phone in every village 


India is home to more 
than 850 million people, 
but to very few tele¬ 
phones. For every thou¬ 
sand inhabitants, it has 
only about eight phones, 
versus an average of 100 
in the developing world, 
and 600 in developed countries. 

In round figiu-es, the country has 7 mil¬ 
lion lines. But only 14 percent of these are 
in rural areas, where 75 percent of India’s 
population lives. There is a waiting list of 
nearly 3 million would-be subscribers, of 
which, again, all but 14 percent are from the 
metropolitan and urban areas. During the 
last fiscal year, the number of lines grew by 
about 17 percent, and India is aiming to estab- 
Ush a network with 20 million telephone lines 
by the year 2000. By then, if all goes well, 
there be at least one phone in each of the 
country’s nearly 370 000 villages. 

To understand the status and aspirations of 
Indian telecommunications, it is necessary to 
turn back to the early 1980s, a time of extra¬ 
ordinary ferment. In 1983, while the drama 
of AT&T Co.’s divestiture was coming to a 
conclusion in the United States, the first steps 
toward a digital network were being taken in 
India with the transfer of Alcatel’s ElOB 
switching technology to Indian Telephone In¬ 
dustries (ITI), the Government-owned and 
managed telecommunications company. 

An experimental analog electronic ex¬ 
change, developed by the Government’s Tele¬ 
communications Research Centre and fabri¬ 
cated by ITI and Bharat Electronics Ltd., was 
used for about a year, serving some 200 sub¬ 
scribers in Delhi. But the first full-scale pro¬ 
gram to develop commercial, indigenously 
designed switches came later, in the early 
1980s, at rri. Three switches were developed: 
the ESAX, based on pulse-amplitude modu¬ 
lation and quickly discontinued; and the ILT 
and MILT, digital models with capacities 
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ranging from 64 to 2028 ports, which are con¬ 
nection points for trunks and so on. 

The drive toward digitization moved into 
high gear in August 1984, when the Centre 
for Development of Telematics was created 
with funding from the Government’s depart¬ 
ments of Electronics and Telecommunica¬ 
tions (the latter operates the nationwide tele¬ 
phone network). C-DOT, as it is known, was 
given a formidable mission: to design, in 
three years, a state-of-the-art digital system 
capable of switching 40 000 lines and ulti¬ 
mately handling 800 000 attempts at calls 
during busy hours. Those capabilities would 
put it on a par with such premier models as 
AT&T’s 5ESS, Alcatel’s OCB-283, Siemens’ 
EWSD, Ericsson’s AXE, and Fujitsu’s Fetex 
150. C-DOT was also given the task of cre¬ 
ating a center of excellence in telecommu¬ 
nications and transferring its technology to 
a manufacturing and vending base that as yet 
did not exist outside ITI. 

As of this writing, less than 10 years after 
its formation, C-DOT has developed a fam¬ 
ily of switching products and is a few months 
from installing its first production version 
of the 40 000-line switch in the southern city 
of Bangalore. Today, there are just over 2 
million lines in India served by two earlier 
C-DOT-designed switch models—1100 000 
switched by the Rural Automatic Exchange, 
and 900 000 by the Main Automatic Exchange. 

In addition, some 300 000 lines are served 
by a C-DOT-designed private automatic 
branch exchange (PABX), the agency’s first 
product, whose prototype was completed in 
1985. After the PABX went into widespread 
manufacture, per-line costs for PABXs de¬ 
clined by almost a half from the days when 
ITI was the sole source of this technology. 

All three of C-DOT’s switch types were 
based on the same digital system, a flexible 
and modular design. The hardware relied on 
Motorola 68000 and Rockwell 6502 micro¬ 
processors, then the state of the art. The 
software made use of both standard Unix and 
a proprietary, real-time operating system. 

The second product based on this switch¬ 


ing system was the 128-port Rural Automatic 
Exchange. With its huge rural population, 
served mainly (if at all) by antiquated electro¬ 
mechanical exchanges, India’s need for a reli¬ 
able digital switch was great. But such a 
switch had to be extremely rugged to keep 
working at temperatures as high as 45 “ or 
50 °C and at relative humidities well above 
90 percent. 

Heat and humidity, moreover, were hut 
two of the extremes confronting system 
designers. Indian villages often are dusty, 
have commercial power suppEes of very poor 
quality, and are infested with snakes and 
rodents given to chewing on wires and 
cables. They also lack trained manpower, so 
that the exchanges had to have extensive 
buEt-in diagnostics and redundancies, as weE 
as remote-monitoring features. 

The Rural Automatic Exchange is, in fact, 
C-DOT’s original digital switching system 
equipped to survive these more exacting 
conations and environments. The first one 
was cut over on July 21,1986, in the vElage 
of Kittur in the southern state of Karnataka. 
As with the earEer PABX C-DOT offered the 
technology to dozens of manufacturers in 
exchange for a fee and royalties on sales. The 
initial response was overwhelming, and the 
production rate of the switch soon reached 
about one a day, with some 30 Indian manu¬ 
facturers turning them out not only for the 
domestic market but for export to Russia and 
several developing countries as weE. On the 
basis of this success, a 256-port version was 
designed, with features enabEng it to be con¬ 
figured as a terminal switch, a transit switch, 
or a hybrid of the two. The first of these was 
instaEed on March 31,1991, in the vElage of 
Anekal, also in Karnataka. 

The exchange’s economic and social effects 
on rural India were profound. For the first 
time, many vElages became connected to the 
rest of India and, where transmission systems 
aEowed, to the world. This access brought 
about far-reaching changes in the agricultural 
and economic activities in these viEages. For 
(Continued on p. 46) 
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NEC NEWSCOPE 




THE Vr4400™RISC PROCESSOR: 
IDEAL PLATFORM FOR WINDOWS NT™ 


T he Windows NT operating 
system has extraordinary 
potential. It offers the power, 
reliability and openness to launch 
a new era in business and high-end 
personal computing. 

But this potential can only be 
realized if microprocessors provide 
the superior performance which 
Windows NT demands. 

NEC's response to the challenge 
Is the Vr4400 - a 64-blt processor 
based on MIPS® RISC architecture. 


Running at 150MHz Internally, 
it delivers 94 SPECint92 and 105 
SPECfp92. Third-party benchmarks 
indicate that the Vr4400 runs 
Windows NT nearly twice as fast 
as Pentium™ 

The Vr 4400 comes in two 
versions. The standard Vr 4400PC 
features an on-chip floating point 
unit and separate 16K-byte instruc¬ 
tion and data cache. The high-end 
Vr 4400MC supports a secondary 
cache of up to 4M bytes and a 


multiprocessing system, in addition to 
offering all standard functions. Three 
internal speeds are available for both 
versions - 100,133 and 150MHz. 

NEC's 64-bit RISC processor is 
already driving the world's most 
powerful workstation. While pro¬ 
viding excellent price/performance, 
the Vr4400 allows users to run 
existing DOS and Windows 3.1 
applications software under the new 
NT operating system. 

In addition to microprocessors, 

NEC also offers chip sets, advanced 
DRAMS and TFT color LCD screens 
to support the next generation of 
personal computing. 

All trademarks are property of their respective holders. 
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Updates on the scope and depth of NEC technologies 


Vr42QQ^^RUNS 
WINDOWS NT 


FOR NOTEBOOK PCs. 

N EC has the industry's broadest 
line of 32- and 64-bit RISC 
microprocessors. Our latest 
offering is the 64-bit Vr 4200, which 
delivers Vr 4000 performance at 
1/5th the cost. 

With performance of 55 SPECint92 
and 30 SPECfp92, the Vr4200 is 
powerful enough to build desktop 
capabilities into notebook computers 
running Windows NT. 

The 80MHz Vr4200 also offers 
a cost-effective RISC solution for 
designers of low-end workstations, 
X-terminals and diverse embedded 
applications. 

The Vr4200 incorporates 16K- 
byte instruction cache and 8K-byte 
data cache. Implemented with a 0.6- 
micron CMOS process, it runs on 
3.3V and consumes only 1.5W. 

The Vr 4200 is available in a 
low-cost 208-pin plastic QFP or 
179-pin ceramic PGA. 


The VR4200 was developed jointly with MIPS 
Technologies, Inc. 
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ACTIVE-MATRIX 
COLOR LCDs. 

L iquid crystal displays (LCDs) are 
becoming more brilliant, colorful 
and versatile. NEC believes the 
greatest advances will be made in 
thin-film-transistor (EFT), active-matrix 
color LCDs. We're committed to TFT 
LCDs because they give users clear 
advantages in display quality and 



performance. 

For notebook PCs, we're mass- 
producing a 24cm (9.4-inch) display 
which offers an optimum balance 
between brightness, power consump¬ 
tion, size and weight. It displays 
4,096 colors with 640 x 480 pixels, 
consumes 8W, measures 12.5mm 
deep and weighs 680g. 

24cm displays were pioneered by 
NEC and have now become the de 
facto standard for notebook PCs. 

For handheld terminals and 
measuring equipment, we offer a 
high-resolution 17cm (6.5-inch) 

display. It features 640 x 
480 pixels arrayed at a 
0.207mm pitch on a dis¬ 
play area about half the 
size of 24cm model. 

The 17cm screen displays 
4,096 colors, consumes 
5W and weighs 360g. 

It has already been design¬ 
ed into high-end measur¬ 
ing equipment such as 
FFT analyzers. 


16M SYNCHRONOUS DRAMS. 


icroprocessor speeds are 
soaring while DRAM access 
speeds are not. To break 
the bottleneck, NEC is introducing 
a new species of ultra-fast DRAMs. 

Operating at 100MHz external 
clock, our 16M Synchronous DRAMs 
eliminate CPU wait states. 

PC designers gain a quantum leap 
in system speed and workstation 
designers save by eliminating costly 
cache SRAMs. 


The new DRAMs provide a mini¬ 
mum cycle time of 10ns (100MHz). 
The maximum data transfer rate for 
a x16 device is 200M bytes/sec 
with a 3.3V power supply. 

Our Synchronous DRAMs are design¬ 
ed with 3-stage pipeline architecture 
and fully meet JEDEC standards. 

We offer a wide choice of 16M 
Synchronous DRAMs. Clock-speed 
versions are 66, 75, 83 and 100MHz. 
Bit organizations are x4, x8 and x16. 























by a thatched hut, or are installed next to a 
cow stable, and are left unattended for days. 

Like the PABX before it, the rural ex¬ 
change also symbolized the further weak¬ 
ening of ITI’s monopoly. At the same time, 
it and other C-DOT designs stimulated a rival 
program of switch design and development 
at ITI. While ITI continued producing the 
ILT and MILT switches, it also developed 
an application-specific integrated circuit for 
switching uses, a military version of one of its 
switches, and an 8000-port digital switch, the 
XD90. The first prototype of this switch is 
now undergoing design-verification trials in 
the Indian network. 

TO THE MAX. Today, C-DOT finds itself on the 
verge of fuIfiUing its original mission, namely, 
to provide a state-of-the-art digital switch 
comparable to those offered by the big multi¬ 
national communications firms. Develop¬ 
ment of this Main Automatic Exchange 
(MAX) vras carried out in three stages. First, 
there was the MAX-M, built around the basic 
C-DOT switching module, and capable of 
handling 1500 lines. Then came the MAX-L, 
with up to 20 000 lines, and now the full 
potential of the design is expected to be real¬ 
ized shortly with the 40 000-line MAX-XL. 

At present, about 1000 MAX-M ex¬ 
changes have been produced and installed. 
About 75 MAX-Ls have been built, of which 
about two dozen have been connected to the 
network and are now operational. The first 
MAX-XL, manufactured by ITI, is now being 
installed in Bangalore and should go into ser¬ 
vice sometime around the middle of this year. 

In keeping with its goal of ending ITI’s 
monopoly by creating a nationwide industry 
for manufacturing telecommunication equip¬ 
ment, C-DOT has come up with a competitive 
strategy for technology transfer. The center 
at first was extremely liberal. Its PABX tech¬ 
nology was made available to 40 manufac¬ 
turers, some of whom had never even been in 


(Continued fromp. 43) 

example, diamond polishing—an important 
livelihood in some areas—^became centered 
on villages with a telephone exchange. The 
availability of telephones also meant that pro¬ 
duce could be marketed to buyers in distant 
parts of the country, altering sales patterns on 
a national scale. Farmers growing tomatoes 
near Kolar, in southern India, had been sell¬ 
ing their produce in Bangalore, but when 
Kolar got an exchange, they found out that 
higher prices were being paid in Madras. 
Needless to say, that’s where most of their 
produce starting going. 

In a study of how these and other aspects 
of telecommunications affected the coun¬ 
tryside, the socioeconomic benefits over the 
anticipated 15-year life of each rural auto¬ 
matic exchange were estimated at US $2300 
per line. The study used a random sample 
of 32 installations and was carried out by the 
New Delhi-based National Council for 
Applied Economics Research. 

The villages that got Rural Automatic 
Exchanges were chosen initially on the basis 
of how long the waiting lists of potential sub¬ 
scribers were. Later on, they were awarded 
to whichever villages were campaigning 
most vociferously. The switches quickly 
became a status symbol among the Indian vil¬ 
lages that vied for them, and exchange oper¬ 
ators and technicians, aware of the vital ser¬ 
vice they performed, developed a visible 
esprit de corps. 

Nonetheless, erroneous information got 
around at times. For instance, in several sites 
I visited in the northeastern Himalayan 
mountains, near Nepal, large signs com¬ 
manded visitors to remove their shoes 
before entering the exchange room [see 
photo, opposite top]—this in spite of the fact 
that the exchange had been designed to with¬ 
stand threats much more menacing than a 
little dust. Many switches are sheltered only 


the electronics business before. However, 
only 30 or so of these original 40 manufac¬ 
turers were selected to manufacture the rural 
switch, and only nine companies (including 
ITD were initially awarded licenses to manu¬ 
facture the MAX-M switches. Today, there 
are 22 manufacturers of the MAX-M, 10 of 
the L, and one QTD of the XL. 

Manufacturing capacity for all the switch¬ 
ing systems (including the PABX) is about 2 
million lines per year, with workers working 
only one shift per day. Most importantly, how¬ 
ever, most of the capital invested in this man¬ 
ufacture came from private companies—a big 
change from a decade ago, when such invest¬ 
ment came entirely from the Government. 

From the very beginning, C-DOT pro¬ 
pounded a production philosophy that would 
maximize manual labor and minimize capi¬ 
tal equipment. After all, India has a large 
labor force but limited financial resources for 
purchasing expensive manufacturing equip¬ 
ment. The process conceived by C-DOT 
therefore emphasizes assembly and test of 
components produced locally. 

Since technical expertise is not common 
among factory workers, an extensive trans¬ 
fer of technology package was devised. It 
included design documentation and engi¬ 
neering, manufacturing, and quality-assur¬ 
ance packages. Design documentation cov¬ 
ered system architecture (both hardware and 
software), circuit schematics, block, timing, 
and assembly diagrams, components lists, 
and so on. The engineering package had 
details on wiring, mechanical packaging, sys¬ 
tem assembly, and site engineering. The 
manufacturing package had capital goods 
specifications, supply sources, a bill of mate¬ 
rials and components, factory requirements 
and layout, details on component, card, and 
subsystem testing, integration and validation 
procedures, and even packing and shipping 
details. Quality assurance covered stand^ds 
in this regard and plans for meeting them. 

Regular training programs and meetings 
are held between C-DOT’s Transfer of Tech¬ 
nology group and the manufacturers, to iron 
out production problems. C-DOT assists 
manufacturers through their first production 
unit, and carries out the quality assessment 
and the validation of the first systems, before 
the system is offered to the Government’s 
Department of Telecommunications for final 
approval and certification. The Transfer of 
Technology group also provides manufac¬ 
turers with all software updates and with 
replacements for hardware systems as they 
become obsolete. 

HARD BARGAIN. Today, C-DOT-developed 
switches handle over a third of the Indian 
telecommunications network, or about 2.3 

In India, state-of-the-art optical-fiber cable is 
laid the old-fashioned way. This route will 
connect Pune, a fast-growing technical and 
scientific enclave not far from Bombay, with 
the village of Narayongaon, where a radio- 
telescope is under construction—and near 
which this picture was taken. 
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million lines (including PABXes). Many have 
high hopes for the 40 000-line MAX-XL 
switch, but so urgent is the need for more 
switching capacity that the Department of 
Telecommunications has in recent years 
bought and installed switches from Fujitsu, 
Siemens, AT&T, Ericsson, and CIT-Alcatel. 
These giants had for years sought to enter 
the Indian market, but were barred from 
doing so by Government policies. Now, as 
part of its liberalization program, the Gov¬ 
ernment has relaxed some import restric¬ 
tions, making such sales possible. 

Nonetheless, the availability of locally 
designed C-DOT technology, along with a 
large manufacturing base, enabled the Gov¬ 
ernment to drive a harder bargain while 
negotiating for the large switches from the 
multinationals. The final per-line prices were 
all in the vicinity of $150, which almost cer¬ 
tainly would have been higher in the absence 
of any local alternative. Several of the multi¬ 
nationals have set up joint ventures with local 
partners to manufacture their switches 
locally. Many of these local partners either 
own, or are associated with, C-DOT licensees 
who manufacture the MAX-L. 

C-DOT’s success in rural switching has 
meant and means a nice niche market not 


only in India, but 
potentially in any de¬ 
veloping country 
with a rural popula¬ 
tion and a need for 
telecommunica¬ 
tions. The center is 
now promoting the 
export of the Rural Automatic Exchange 
technology to other developing countries. So 
far, systems have been installed in Vietnam, 
Russia, Yemen, Nigeria, and Nepal. 

Recently, C-DOT upgraded the rural 
exchange technology to support 10-channel 
digital radio, for point-to-point linking of the 
exchanges at very low cost. Also, a new sys¬ 
tem to mesh the exchange with time-division 
multiplexed radio is under test. The goal is 
a time-division, multiple-access, point-to-mul- 
tipoint system for handling up to 64 remote 
stations, each with eight remote subscribers. 

India’s decade-long program to develop its 
own switching technology has paid rich divi¬ 
dends. The experience gained with the Main 
Automatic Exchange and other projects has 
bred a strong R&D organization capable of 
developing new generations of switches, and 
a diverse, indigenous manufacturing base. 
In less than a decade C-DOT has garnered 


a sizable share of the local telecommunica¬ 
tion market, and its products are now begin¬ 
ning to succeed in the export market. 

Liberalization, in short, while forcing 
Indian manufacturers to compete against 
multinationals with state-of-the-art tech¬ 
nologies, is also opening up opportunities. 
Indian companies will continue working with 
the multinationals on joint development, not 
only as a way of leap-frogging into the state 
of the art, but to bring the country up to 
world standards in the availability and qual¬ 
ity of its telecommunications. 


Bishnu D. Pradhan (SM) is executive director of the 
Centre for Devetopment of Tetematics, an auton¬ 
omous agency of the Government of India charged 
with devetoping telecommunications equipment He 
was previously with the Tata Electric Companies, 
which he joined after earning his doctorate and work¬ 
ing in the United States for eight years. 


Electronics and defense: turning setbacks into successes 


I As the world’s second- 
largest consumer mar¬ 
ket—much more popu¬ 
lous even than the North 
American Free Trade area 
or the European Ecnomic 
Community—India’s 
I commercial potential in 
electronics is huge. From small beginnings 
n the late 1960s, the country’s electronics 

Kodali and Aatre—Electronics and defense 


industry has grown to a business that annually 
generates 120 billion rupees (about US $4 bil¬ 
lion). In this bustling arena are about 100 Gov¬ 
ernment-owned manufacturing plants, an esti¬ 
mated 470 large and medium-scale private 
companies, and more than 3000 small-scale 
production units, all private. 


V. Prasad Kodali Department of Electronics 
Vasudev K. Aatre Ministry of Defence 


All in all, these businesses employ around 
300 000 people, about 45 percent of whom 
are electrical engineers, scientists, and other 
technical professionals. The industry is 
spread out all over the country, with con¬ 
centrations around Bangalore, Bombay, 
Delhi, and Hyderabad. Yet the total elec¬ 
tronics production and the productivity per 
employee remain low [see table, p. 48]. 

The reasons for these production inade- 




























quacies are many. Electronics and automa¬ 
tion are widely regarded as leading directly 
to unemployment, a distinct liability in a 
country where joblessness is pervasive. Also, 
products such as television receivers and 
telephones are still viewed as nonessential, 
even luxurious. 

Furthermore, a protected domestic mar¬ 
ket, in conjunction with high import tariffs 
and other restrictions, has had the effect of 
keeping electronics, like most other Indian 
industries, out of global markets. The picture 
is, however, rapidly changing with the liber¬ 
alization of economic and industrial policies 
over the last few years. 

Another problem is the industry’s skew 
toward equipment and finished products, 
which constitute more than 80 percent of the 
country’s electronics production. Despite 
concerted efforts by industry associations 
and the Government to increase production 
of components, this percentage has 
changed little in 24 years. Compo¬ 
nents that are manufactured tend to 
be on a relatively low level of tech¬ 
nology—the vast hulk being picture 
tubes and other components for tele¬ 
vision and radio, printed-circuit 
boards, capacitors, resistors, and con¬ 
nectors. Active semiconductor de¬ 
vices, including ICs, account for only 
10 percent of component manufac¬ 
ture, or less than 2 percent of the total 
electronics manufactured in India. (a) ^ conversion rate of 18 rupees to the U.S. dollar. 

The primary reason for this imbal¬ 
ance is economic: manufacturers iniiia’s top 10 electitmics compaiiies 

shun the components sector because 
of its high ratio of investment to rev¬ 
enues earned from production— 
close to 1:1, as compared to about 1:6 
in the equipment sector. High capital 


support services and spare parts for equip¬ 
ment that had been imported at reasonable 
cost. One category that received special 
attention in this regard was military tech¬ 
nology, including radar, communications, and 
control and guidance systems. From the very 
beginning, the objectives were threefold: to 
provide cost-effective support to existing 
equipment, to upgrade technologies and 
capabilities, and to transfer appropriate mil¬ 
itary technologies to industrial and other 
civilian uses. 

In the early 1970s, the major electronics 
industries were the Indian Telephone Indus¬ 
tries, established in 1948 to serve the coun¬ 
try’s telephone and communications needs; 
Bharat Electronics, founded mainly to man¬ 
ufacture radar and military communications 
equipment: and the Electronics Corp. of 
India, which had been set up in 1966 to cater 
to the electronics and control-instrumenta- 


Productivity in electronics manufacture 


Country or region 

1990 Industrial 
production, 

US $ billions 

1990 direct 
employment, 
millions 

India 

5(a) 

0.3 

Japan 

204 

1.8 

United States and 
Canada 

218 

2.4 

Western Europe 

166 

(Not available) 



[ 1992 production, | 
US $ millions 

Indian Telephone Industries (a) 

420 

Bharat Electronics (a) 

230 

, BPL 

140 ; 

[ Pieco Electronics & Electricals 

100 

1 Videocon 

0 

Samtel (India) 

70 ’ 

Titan Watches 

70 

Electronics Corp. of India (a) 

60 

JCT Electronics 

50 

Wipro Info tech 

50 


(a) Wholly or partly government-owned. 


Revenues from electronics in India 


costs and interest rates in India dis¬ 
courage investments in capital-inten¬ 
sive industries, like component man¬ 
ufacture, because the finished prod¬ 
ucts cost too much to be competitive 
in world markets. 

RISING TO THE CHALLENGE. Though it 
has its share of unique challenges, the 
Indian electronics industry is like 
those of more advanced countries in 
at least one way: a huge quantity of 
garden-variety electronics vtinds up in 
commercial and consumer products, 
but the most advanced applications 
are the almost exclusive province of 
Government establishments like 
defense. Interestingly, in electronics 
as in several other technologies, India 
has managed to respond to set¬ 
backs—the denial of technology by 
other countries or the exacting of 
extremely high prices for support and 
spare parts—by turning them into 
research or full-scale development 
opportunities. 

Indeed, India’s electronics industry 
itself was bom out of experiences in 
the 1960s and 1970s, when the coun¬ 
try was forced to pay exorbitantly for Source of tables: Department of Electronics, Government of India 


tion requirements of the atomic program. All 
three have since diversified into many other 
product lines, and account for a sizable share 
of the Indian market [see middle table, this 
page]. 

In fact, ±eir influence is still recognizable 
in one of India’s most recent technical 
thrusts, into parallel computing. Separate, 
thriving efforts in this area are under way 
at the Centre for Development of Advanced 
Computing in Pune, the Bhabha Atomic Re¬ 
search Centre near Bombay, the Centre for 
Development of Telematics in New Delhi, 
the National Aerospace Laboratory at Ban¬ 
galore, and the Advanced Numerical Re¬ 
search and Analysis Group in Hyderabad. 
EXPANDED TASKS. Recognizing the need for 
a separate agency to take an overall view of 
end applications and to plan and promote 
technological and industrial development, 
the Government created the Department of 
Electronics. Unlike the telecommuni¬ 
cations, defense, space, and atomic 
energy agencies, whose efforts were 
directed to meet in-house needs, the 
Department of Electronics was 
charged with ensuring that applicable 
technologies developed in these 
spheres benefited other sectors, espe¬ 
cially aviation, railways, meteorology, 
telecommunications, and industrial 
applications. 

As it grew, the department took on 
added responsibilities, such as estab¬ 
lishing a national laboratory for work 
in microwave and millimeter-wave 
technologies, and programs in elec¬ 
tromagnetic compatibility and reduc¬ 
tion of electromagnetic interference. 
India has benefited in the latter area 
from support by the United Nations 
Development Programme and the 
UN’s Industrial Development Organi¬ 
zation. The micro- and millimeter- 
wave laboratory, called the Society for 
Applied Microwave Electronics Engi¬ 
neering & Research (Sameer), now 
earns about half of its operating rev¬ 
enues by providing technical consul¬ 
tancy services to Government and 
commercial clients. It is now set 


Revenues, rupee millions 
1971 1980 19! 


Consumer 

525 

2140 

29 380 

Industrial 

130 

1600 

14 000 

Computers 

— 

— 

8 200 

Communication and 
broadcast equipment 

395 

1845 

16 300 

Strategic 

280 

680 

5 700 - 

Components 

400 

1630 

15 200 

Export zones i 

— 

165 

I 3 220 

Total j 

1730 

8060 

i 92 000 


expanding its horizons by offering its 
services to other countries, particu¬ 
larly in south and southwest Asia. 

Along with the atomic energy and 
space agencies, the defense estab¬ 
lishment in India has been one of the 
pillars of the electronics edifice. The 
Defense Research and Development 
Organization, where almost all de¬ 
fense electronics R&D is carried out, 
has about 48 laboratories working in 
fields ranging from weapons systems 
to agriculture and medicine. Ten of 
these laboratories have invested a lot 
of effort in electronics, into which 
over the last couple of decades they 
have poured roughly 10 billion rupees 
(about US $300 niillion at current 
exchange rates). In addition, the 
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A phased-array radar for studies of 
the atmosphere was built by India’s 
Society for Applied Microwave Elec¬ 
tronics Engineering & Research. 
The $2.5 million radar has 1024 
crossed-Yagi antennas, and is one of 
only perhaps half a dozen such sys¬ 
tems in the world. 

and communication systems within 
India and abroad. 

COUNTERINB THE THREAT. As any mil¬ 
itary planner knows, radar is nec¬ 
essary but hardly sufficient on the 
modem battlefield. As was demon¬ 
strated yet again in the Persian Gulf, 
electronic countermeasures and 
even counter-countermeasures are 
the norm in war. However, equip¬ 
ment based on advanced technolo¬ 
gies in these vital areas is often pro¬ 
tected by those countries that have 
it, and is therefore not readily avail¬ 
able in international markets. 

A specialized industry now exists 


defense industries and the Department of 
Electronics (under its National Radar Coun¬ 
cil technology program) have invested about 
1500 million rupess—about $50 million—^in 
R&D of defense-related electronics. 
NOTABLE ADVANCES. Though comparatively 
small, these investments have produced sev¬ 
eral noteworthy achievements in radar, 
sonar, communications, surveillance and 
night-vision systems, and components. In 
radar, for example, a phased-array system 
that can provide surveillance, multiple target 
tracking, and weapon guidance—^while sta¬ 
tionary or on the move—^has been built. For 
air-defense roles it has command, control, 
and communications features for both auton¬ 
omous and hierarchical operation. 

The system’s array of more than 4(K)0 fer¬ 
rite phase-controlled antennas was designed 
and built completely within India. The beam 
the antennas produce is electronically stabi¬ 
lized in space to compensate for the pitch and 
roll of the radar’s platform, and it is steered 
by a special-purpose, high-speed computer. 

Another phas^-array rad^ has been built 
for studying ±e mesosphere, stratosphere, 
and troposphere: it is one of only four other 
such radars in the world. India’s system has 
1024 crossed-Yagi antennas, capable of pro¬ 
ducing a peak power aperture product of 30 
GW-m^ [see photo above]. Six beam direc¬ 
tions are available in a computer-controlled 
mode, and the radar uses 16- and 32-bit com¬ 
plementary codes that, ideally, produce no 

This transportable digital communications 
gear incorporates state-of-the-art, low-noise 
microwave synthesizers and gallium arsenide 
amplifiers, providing channels for speech, 
teleprinters, and computer data and pro¬ 
cessing. The truck-mounted systems are fully 
self-contained, and can be deployed and 
brought on-line in less than an hour. The seg¬ 
mented antennas can be folded rapidly and 
secured for transport and redeployment. 


side lobes. The radar was built for a mere $25 
million by Sameer, and is operated by an 
inter-university center for upper atmosphere 
research. 

Designing and building these and other 
systems has helped India to establish a strong 
base of knowledge and expertise in radar. In 
fact, more than half a dozen industrial houses 
are now equipped to take on the design, man¬ 
ufacture, and installation of radars. Simulta¬ 
neously, industrial growth has bolstered the 
capabiUties of bo± Government-owned and 
private companies in communications, infor¬ 
mation systems, and in-strumentation. Sev¬ 
eral organizations have received quality cer¬ 
tification under ISO 9000, and are equipped 
to build, install, and maintain complex radars 


in India to manufacture electronic warfare 
systems that are based on design and devel¬ 
opment work with sensitive and cutting-edge 
technologies. Currently in production is a 
computer-controlled, integrated counter¬ 
measure and counter-countermeasure sys¬ 
tem. Operated by just one individual, it can 
intercept signals over a multi-octave spec¬ 
trum, identify and classify them, and imme¬ 
diately initiate countermeasures against the 
threat radar. 

A companion system employs separate 
high-intercept-probability receivers for 
measurement of frequency, using instanta¬ 
neous techniques in octave bands. It also 
measures bearing; to this end it uses the 
amplitude-comparison monopulse technique 
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A thermal imaging system with a high-resolution camera based on charge-coupled devices has found 
uses in the military, law enforcement, and industrial security It has mercury-cadmium-telluride sensors 
integrated with low-noise amplifiers and real-time image processors. 


with an array of eight spatially displaced an¬ 
tennas. An exhaustive radar library, divided 
into priority and nonpriority sections, may be 
preprogrammed with intelligence informa¬ 
tion on emissions likely to be encountered 
in a particular mission. 

SONAR SPINOFF. Another detection technol¬ 
ogy, with perhaps the greatest spin-off poten¬ 
tial for India, is sonar. With its vast coastline 
and prodigious need for food, fisheries are a 
critical component of India’s development. 
Yet most Indian fishermen are still using 
grossly inadequate equipment that has 
chang^ little in centuries. Recently, though, 
a sonar system for locating shoals of fish was 
spun off from a military system. 

The original system, now used in the Indian 
Navy, is an active-passive one with both hull- 
mounted and variable-depth arrays. It uses a 
microprocessor-based reconfigurable signal 
and an intelligent display, and can track more 
than one target. Features include multimode 
transmissions and classification using doppler 
and pattern-recognition techniques. 

As with radar systems, the design and con¬ 
struction of these sonars have bred a knowl¬ 
edge base and infrastructure to build related 
and more sophisticated equipment, including 
transducers and displays. 

Secure, reliable communications is an¬ 
other military need that has been addressed. 
Digital gear that can be operated in tro- 
poscatter or diffraction mode provides high- 
quality, multichannel communications for 
military, tactical, or remote-area uses. The 
equipment and its associated radio frequency 
and multiplexing gear are fully self-contained 
and can be mounted on a vehicle. 

The system is differentially encoded, and 
based on quadrature phase-shift keying with 
coherent detection. The radio incorporates 
gallium arsenide field-effect transistors, a 


low-noise microwave synthesizer, and a 
microcircuit-based predetection combiner. 
The multiplexing system has a capacity of 24 
speech channels, thirty-two 100-baud tele¬ 
printer channels, four computer data chan¬ 
nels of 2400 bits per second, and four 100- 
baud computer supervisory channels. With 
its collapsible antenna, the entire system can 
be up and running in under an hour. 

Night vision devices are also proving ver¬ 
satile. These include passive and active vari¬ 
eties, based on advanced image intensification 
and infrared technologies developed in India. 
Although this kind of equipment is obviously 
defense-driven, it is finding many applications 
in law enforcement and industrii security. 
One recent system is a high-resolution, 
charge-coupled-device camera and thermal- 
imaging system for the passive detection and 
recognition of targets at night or in bad 
weather [see photo above]. The equipment 
uses mercury-cadmium-telluride sensor ele¬ 
ment's integrated with low-noise amplifiers 
and real-time image processing. A NdYAG 
laser range-finder enables precise range esti¬ 
mation of the detected object. 

BACK TO BASICS. Systems of this nature are a 
testament to what can be achieved in the face 
of dire deficiencies in component production. 
Even so, for the sake of security and self- 
reliance, and to exploit the country s tremen¬ 
dous design potential, India will have to 
improve its techniques and technologies for 
producing components and devices. As a 
national strategy, the Government is now 
emphasizing such development. 

At present India has two IC wafer fabri¬ 
cation facilities (both in Bangalore). A third, 
1.2-micrometer CMOS facility at the Semi¬ 
conductor Complex Ltd. near Chandigarh is 
slated to go on stream by the end of this year. 
Following the lead of Texas Instruments, 


very large-scale IC design and 
related software-development 
units have been set up by SGS 
Thomson, Cadence Design Sys¬ 
tems, and SAS. 

Inda’s Department of Elec¬ 
tronics has also taken initiatives in 
VLSI design by launching R&D 
projects in academia, government, 
and industry. Also, a United Na- 
tions-assisted Centre for VLSI 
design and prototyping is being set 
up within the department itself. 

A number of application-specific 
ICs have been designed in India 
and fabricated abroad. These 
include a Graphics and Intelligence 
based Script Technology chip and 
a submicrometer numerical co¬ 
processor. In addition, a Gallium 
Arsenide Enabling Technology 
Centre is going up in Hyderabad. 

So far, some micro- and mil¬ 
limeter-wave components have 
been fabricated, some of them 
based on surface-acoustic-wave 
devices, including filters, delay 
lines, convolvers, and pulse-com¬ 
pression network,. These parts are needed 
not only in military radars and electronic 
warfare systems, but also in cost-effective 
communication equipment, identification 
tags and other industrial security gadgets, 
and consumer products. 

Clearly, advanced technology industries 
managed to translate India’s low-wage struc¬ 
ture into commercial advantages for supply¬ 
ing radars, specialized communications gear, 
and similar equipment at costs that were far 
below international price levels. These indus¬ 
tries could now participate as equal partners 
with their counterparts in developed nations 
to serve global markets, combining India’s 
technological talents and low-wage structure 
with the manufacturing and commercial 
strengths of the developed-world partners. 

In today’s global rush for new electronics 
and information technology, a nation can 
measure its wealth by the number of people 
it has working at the cutting edge of tech¬ 
nology. Without these riches, the meager 
$350 million India has spent on advanced 
electronics technologies during the last two 
decades could not have produced as many 
tangible results as it has. India’s challenge for 
the future will be translating this technical 
success into industrial momentum. 


V. Prasad Kodali (F) is adviser, Department of Eiec- 
tronics, an agency of the Government of India. He 
previousiy worked at the Tata Institute of Funda¬ 
mental Research in Bombay. He received the IEEE 
Centennial Medal in 1984andofa Vasvik Research 
Award, a national recognition for Electronic Sci¬ 
ences and Technology, in 1989. 

Vasudev K. Aatre (SM) is chief controller of 
research and development in the Indian Ministry 
of Defense. He was formerly director of the Naval 
Physical and Oceanographic Laboratory at Cochin, 
India, before which he had worked in Canada. I 
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Electric power: a Government priority 




As in so many aspects of 
its culture and develop¬ 
ment, electrification in 
India is a study in con¬ 
trasts. On the one hand, in 
a scant 43 years, genera¬ 
tion capacity has grown 
from 2300 megawatts to 
about 70 000 MW. The country’s transmis¬ 
sion system includes a 250-MW back-to-back 
direct-current link and a 900-km, 1000-MW 
dc line. An experimental 200-km, ioO-MW dc 
line built almost entirely with indigenously 
developed and built technologies—right 
down to the thyristors in the converter sta¬ 
tions—is in operation. There are hundreds 
of kilometers of 400-kV lines, as well as a 
newly built laboratory, in Hyderabad, for test¬ 
ing transmission systems and equipment at 
up to 1000 kV. 

On the other hand, annual per-capita 
energy use in India is roughly 300 kWh, or 
well under half of what it is in Iran. Fur¬ 
thermore, the reliability of the bulk power 
supply is very poor and its quality is alarm¬ 
ingly below the standards of the developed 
world. Plant availability figures, an indication 
of how well plants are run, are low. The aver¬ 
age generating plant load factor (the ratio 
of a plant’s average output to its rated max¬ 
imum capacity) is about 57 percent. For com¬ 
parison, load factors in developed countries 
are normally higher than 70 percent. Low- 
frequency operation is routine throughout 
India and harms generating units and loads 
alike. 

In addition, more than two decades after 
regional power grids were formed, there is 
still no adequate tariff structure for power 
interchanges between Indian states. Inter¬ 
connected operation is therefore usually 
blocked, leaving each state system to operate 
in isolation. Crisis management has b^ome 
the order of the day, and load shedding—^both 
scheduled and unscheduled—has become 
common. Customers have gotten used to 
periodic brownouts and blackouts. 

Keenly aware of this serious obstruction to 
future develc^ment, the Government of India 
has made generating capacity and transmis¬ 
sion-system additions a priority in its five- 
year economic plans. The current plan, for 
the period 1992-97, originally envisioned an 
addition of 38 000 MW, or alxDut 50 percent 
of India’s installed capacity. This would raise 
peak power availabiUty to just over 65 000 
MW, to meet anticipated peak demand of 
nearly 70 000 MW. Expected energy avail¬ 
ability would be 472.7 terawatthours, for a 
requirement of 395.3 TWh. The plan also 
called for transmission-circuit aditions of 
4000 km of 400-kV line, 1200 km of 800-kV 
line, and 1500 km of high-voltage dc (HVDC) 
line. The nationwide totals in these three cat- 
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egories would then be 32 000 km, 3000 km, 
and 2000 km, respectively. 

Regrettably, all of these figures have 
proved too ambitious in light of significant 
financial constraints. The hoped-for gener¬ 
ation additions, for example, have been 
reduced from 38 000 to 22 000 MW, and 
more realistic expectations for the other 
numbers would be around 60 percent at most 
of the targeted figures. Consequently, in 1997, 
at the end of the planning period, the coun¬ 
try would fall short by about 15 percent i 
meeting both energy and peak-demand 
requirements. 

SHIFTItK THE MIX. At present, India derives 
about 67 percent of its electricity from coal, 
8 percent from oil, 23 percent from hydro¬ 
electricity, and about 2 percent from nuclear 
power. In coming years, however, this mix 
is likely to shift, vnth nuclear and renewable 
energy sources accounting for more of the 
mbc and fossil fuels for less. By the end of the 
10th Economic Plan in 2007, nuclear power 
is expected to expand to 10 000 MW, or 
roughly 8 percent of the total generation 
mix. 

By this time, the Government’s support of 
R&D of a number of renewable sources is 
also expected to begin paying off, with plants 
coming on-line based on technologies like 
micro-hydroelectric, geothermal, solar, wind, 
and biomass. All these will have the advan¬ 


tages of short gestation periods, reduced 
transmission requirements, and inexhaust¬ 
ibility. Studies have indicated that India’s 
average level of solar insolation is 8(X) vratts 
per square meter, a total wind potential of 
about 20 GW, and roughly 2 GW of mini- and 
micro-hydroelectric potential. All told, the 
8th Plan calls for addition of some 2 GW of 
renewable capacity. 

Capacity additions are of course pointless 
without commensurate expansion of trans¬ 
mission systems. Unfortunately, this idea has 
not always guided electrification in India, and 
growth in transmission systems of late has 
not kept pace with additions to capacity. 
Underlying this mismatch are several causes, 
including right-of-way clearance difficulties 
and very long waiting periods associated with 
the building of transmission lines, which are 
often more onerous than securing the envi¬ 
ronmental clearances for a large baseload 
thermal power station. 

Along with growth in generation and 
transmission capacities has come greater 
complexity and the need for closely inter¬ 
connected and integrated operations. At pre¬ 
sent, India is divided into five independent 
grids, each with a Regional Electricity Board 
to coordinate load dispatch operations within 
the grid. However, the facilities available to 
these boards are far from adequate for con¬ 
trolling the interconnected operation of a 


With the completion of several new facilities over the last couple of years, India can now test all 
of its own high-power electrical equipment, a rarity among developing nations. At the Central 
Power Research Institute’s High Power Laboratory in Bangalore, tests can be performed up to 
2500 megavoltamperes. 











complex power system. At a minimum, mod¬ 
ern, computer-based data acquisition sys¬ 
tems and effective, reliable communications 
would be needed before the five grids could 
be combined into a national system. 

Meanwhile, transmission voltages are 
increasing. At its Hyderabad laboratory, the 
Central Power Research Institute, under the 
Government’s Ministry of Power, is stepping 
up its work on extra- and ultra-high-voltage 
transmission systems. In recent years, it has 
constructed a simulation center for power 
systems, a high-power switchgear testing 
laboratory, and a 1-km-long experimental 
transmission line that can be energized up to 
1000 kV. 

The engineering expertise for designing 
such advanced systems and the trained 
workforce to operate them are both on hand 
in India. Nonetheless, serious problems are 
often encountered in maintaining the stabil¬ 
ity of the conventional power systems that 
are already in place. Peak demands on power 
have always exceeded the available capac¬ 
ity, and the gap yawns wider every year. Fur¬ 
thermore, transmission and distribution sys¬ 
tems are grossly lacking in reactive com¬ 
pensation. Line losses are also a problem— 
transmission and distribution losses aver¬ 
age about 21 percent of all power generated. 
To address the problem, the government 
recently established a Power Grid Corp. to 
look after rural networks. 

Not all problems are technical, moreover. 
To promote rural electrification and agri¬ 
culture, power is provided to farmers at an 
average of only 13 percent of actual cost. On 
top of this, power losses due to pilferage 
exacerbate an already acute shortage of 
financial resources. Other problems con¬ 
tributing to far-from-satisfactory perfor¬ 
mance of electric utilities include an anti¬ 
quated, unremunerative tariff structure and 
inadequacies in automated controls. 

Such straits are forcing reexamination our 
strategies in power development. Besides 
reducing transmission and distribution 
losses, improving plant load factors, and 
implementing strictly disciplined intra- and 
inter-regional power transfers, we must seri¬ 
ously consider an extensive program of 


energy conservation. Even marginal at¬ 
tempts at conservation could result in sav¬ 
ings of at least 10 percent, recent studies 
have shown. 

NO INCENTIVE. For example, nearly a quar¬ 
ter of India’s electricity is used by some 9.4 
million irrigation pumps that are notoriously 
inefficient and decrepit. When the Indian 
Rural Electrification Corp. replaced 23 000 
of these old pumps with better ones in the 
mid-1980s, the electricity used by them fell 
25 percent, enough to pay for the retrofits 
in less than two years. However, with elec¬ 
tricity prices so low, India’s farmers have lit¬ 
tle incentive to make such improvements. 

Attention also needs to be paid to new and 
emerging technologies in transmission, dis¬ 
tribution, and utilization. The Indian govern¬ 
ment is supporting several field-oriented 
R&D projects to assess the performance of 
various Indian-developed technologies and 
implement them if they prove satisfactory. 
These include variable-degree series com¬ 
pensation, static volt-ampere-reactive sys¬ 
tems, and HVDC transmission, all of which 
will enable better utilization of transmission 
corridors and better performance of inter¬ 
connected networks. 

The relative shortage of peaking power, in 
comparison with electric energy supply, 
points to a need for more pumped-hydro 
storage, gas-fired combustion units, and 
stronger reactive-compensation components 
of both transmission lines and loads. Prior¬ 
ity should be given to the construction of 
strong inter-regional tie lines between the 
northeastern region, where there is a sur¬ 
plus, and the east, and also between the east 
and southern regions. Another priority 
should be the building of modern load-dis¬ 
patch and effective communication facilities. 
Appropriate exchanges of power between 
the western and southern regions through 
existing and new interconnections should 
also be considered. 

Direct-current, back-to-back ties could 
help. So could various load-management 
techniques becoming common in developed 
countries, such as rostering and staggering, 
demand-side management, and incentives 
for using more electricity off peak. But what 


Losses incurred by state electricity boards 


Reason for loss 

Amount, rupee 
billions 

Percent 

Low agricultural tariff 

33.2 

j 65 

Other low tariffs 

8.2 

1 16 

High transmission and distribution losses 

4.7 

; ® 

Overstaffing 

4.1 

8 

High coal consumption 

2.8 

5 

High auxiliary consumption 

0.9 

2 

High fuel oil consumption 

0.7 

1 

Low plant load factor 

0.6 

1 

Low operations and maintenance provisions 

-4.1 

-8 

Total 

51.0 

100 


Numbers and percentages are rounded off. Source: NCPU Journal, January' 


might be most effective is a reevaluation of 
the responsibUities and relationship of the 
State Electricity Boards with the Regional 
Electricity Boards, which oversee electricity 
transfers within the regional grids. 

One of the paramount rules in intercon¬ 
nected operations is grid discipline with 
regard to voltage and frequency; but in the 
face of shortages and increasing demand, 
this discipline has been hard to maintain. 
Some state boards take unfair advantage of 
the interconnection, rather than behaving 
in a cooperative manner. Overdrawing of 
energy, especially during times of peak 
demand, has become common. For lack of 
statutory power, the regional boards cannot 
enforce discipline. The problem has become 
so severe that, in order to keep their systems 
in operation, some of the state boards fre¬ 
quently have to turn to ad-hoc measures on 
almost an hour-by-hour basis. 

Hopefully, the day is not too far off when 
a more equitable tariff structure and inter¬ 
change ndes combine with improved reac¬ 
tive compensation and other technical en¬ 
hancements to establish and improve safety 
margins. India is fortunate to have the tech¬ 
nical and managerial expertise needed to put 
these measures into effect and improve sys¬ 
tem operation. With a modest increase in 
resources, a new emphasis on conservation, 
and a thorough regulatory overhaul, India 
could bring new life to its efforts to electrify 
and make life better in the world’s second 
largest country. 


M. Ramamoorty (F) is director general of the Cen¬ 
tral Power Research Institute, under the Indian gov¬ 
ernment's Ministry of Power. He was previously a 
professor of electrical engineering at the Indian 
Institute of Technology in Kanpur and chief of 
research and developmental M/S Hindustan Brown 
BoveriLtd. inBaroda. He has received many awards 
and recognitions, and was recently named the IEEE's 
Distinguished Lecturer for Region 10. 


1b probe further 

GENERAL. Excellent surveys of the Indian 
business, political, and technological situa¬ 
tions appear from time to time in The Econ¬ 
omist and the Financial Times of London. 
Published in its May 4,1991, issue. The Econ¬ 
omist’s “Survey of India” remains one of the 
best recent summaries of the Indian predica¬ 
ment. Information on reprints can be 
obtained by telephoning 212-^1-5730 in New 
York City (fax: 212-541-9378; 071-839-2968 in 
London). The addresses are: The Economist 
Newspaper Group Inc., Ill West 57th St., 
New York, NY 10019; 25 St. James St., Lon¬ 
don SWIAIHG, England. The magazine also 
has an “intelligence unit,” which issues polit¬ 
ical and economic forecasts in conjunction 
with Business International Ltd. Write to: 
The Economist Intelhgence Unit, 40 Duke 
St., London WlA IDW, England. 

The Financial Times also does periodic 
surveys of India; the most recent were pub- 
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The tenants of India's “Electronics City," south of Bangalore, are 
a “who's who” of international high technology. The area has 
dedicated communications links to other global technology cen¬ 
ters, computer facilities, and other technical infrastmctures, 
many of which were set up by the Government as part of an 
effort to jump-start high-technology industry In India. 


lished with the Sept. 30,1993, and June 26, 

1992, issues of the newspaper. A survey of 
the West Bengal area of India was published 
last Jan. IL More information can be had by 
telephoning 071-873-3324 or 071-873-3213. 
The Financial Times also has a bimonthly 
“India Business Intelligence” newsletter. 
Contact the Marketing Department, Finan¬ 
cial Times Newsletters, 126 Jermyn St., Lon¬ 
don SWIY 4UJ, UK; 071-411-4414. 

Nature devoted most of its Dec. 16,1993, 
issue to a report on “Science in India.” For a 
copy, contact Nature, 65 Bleecker St., New 
York, NY 10019; 212-477-9600; or Macmillan 
Magazines Ltd., Brunei Road, Basingstoke, 
Hants., UK RG 212X5. 

The IEEE India Council publishes a mag¬ 
azine titled Horizons. Its address is E-2 
Greater Kailash-H, New Delhi, 110 048. The 
Institution of Engineers (India) also has a 
journal and supplementary bulletin; they are 
issued from the institution’s offices at 8 
Gokhale Rd., Calcutta, 700 020. 

A report on “Publishing and Copyright in 
India” was published by Rights: Copyright 
and Related Rights in the Service of Cre¬ 
ativity, published quarterly by the Interna¬ 
tional Publishers Association and the Inter¬ 
national Group of Scientific, Technical, and 
Medical Publishers. Write to IPA Secretariat, 
Ave. de Miremont 3, CH-1206 Geneva, Swit¬ 
zerland. 

Most of the development statistics quoted 
in the beginning of the overview article were 
taken from the World Development Report 

1993, published for the World Bank by Ox¬ 
ford University Press (the 1994 report is 
expected out in June or July). The World 


Bank has headquarters at 1818 H St., N.W., 
Washington, DC 20433; 202-473-1782. 
SOFTWARE. Edward Yourdon’s Decline & Fall 
of the American Programmer has a 33-page 
appendix on “Software Technology in India.” 
The book was published by Prentice Hall in 
Englewood Cliffs, N.J., in 1992. Yourdon’s 
magazine, American Programmer, published 
a special report and a seven-page article on 
the Indian software industry in its October 
1989 and March 1993 issues, respectively. 
Back issues are US $45, and can be obtained 
by calling 617-648-8702, or writing to Cutter 
Information Corp., 37 Broadway, Arlington, 
MA, 02174-5539. 

“The Software Industry in India (1993-94) 
Strategic Review,” edited by Dewang Mehta, 
was published by the National Association of 
Software Service Companies in New Delhi. 
NUCLEAR TECHNOLOGY. Nuclear News pro¬ 
duced a special issue on “India’s growing 
nuclear energy program” in April 1990. The 
publication’s offices are at 555 N. Kensington 
Ave., LaGrange Park, IL 60525; telephone, 
708-352-661L 

“India and Pakistan’s Nuclear Arms Race: 
Out of the Closet, But Not in the Street,” by 
David Albright of the Institute for Science 
and International Securit,y appeared in the 
June 1993 issue of Arms Control Today, 
which is published by the Arms Control Asso¬ 
ciation, 11 DuPont Circle, N.W., Washington, 
DC 20077. 

The World Inventory of Plutonium and 
Highly Enriched Uranium, 1992, published 
by Oxford University Press and the Stock¬ 
holm International Peace Research Institute, 
devotes part of a chapter to India’s program. 


It was written by Albright, Frans Berkhout, 
and William Walker. Oxford University Press 
has an office at 200 Madison Ave., New York, 
NY 10016; phone, 212-679-7300. 

AEROSPACE TECHNOLOGY. IEEE Aerospace and 
Electronic Systems Magazine devoted its Feb¬ 
ruary 1993 issue to the Indian space program. 
Back issues are available ($10 for members, 
$20 for nonmembers, plus $4 postage and 
handling) from the IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, NJ 0^5- 
1331; 908-981-0060. 

Annual reports are published each year by 
the Indian government’s Department of 
Space, which is headquartered on Airport 
Road, Vimanapura Post, Bangalore 560 017. 
TELECOMMUNICATIONS. The Indian govern¬ 
ment’s Department of Telecommunications 
publishes armual reports; the department is 
based at Sanchar Bhavan, 20 Ashoka Rd., 
New Delhi, 110 001. 

ELECTRONICS AND DEFENSE. Michael Pecht, 
director of the Electronic Packaging Re¬ 
search Center at the University of Maryland, 
has produced a report on electronics pack¬ 
aging technologies in India, Taiwan, and 
Malaysia. Write to Pecht at Calce Center, Uni¬ 
versity of Maryland, College Park, MD 20742. 

The Indian government’s Department of 
Electronics also puts out an annual report. Its 
headquarters are in the Electronics Niketan, 
C(X) (implex. New Delhi, 110 003. 

POWER AND ENERGY. Bharat Heavy Electricals 
Ltd. publishes a quarterly journal and a 
monthly newsletter. Contact the Editor, 
BHEL Journal, Bharat Heavy Electricals 
Ltd., BHEL House, Siri Fort, New Delhi, 110 
049. ♦ 
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PACKAGING/DESIGN 


Managing signal integrity 


Today’s high-speedprinted- 
circuit boards and multichip 
modules require integrated 
design systems that include 
signal integrity analysis tools 

ear after year, the clocks 
that govern IC speeds 
become steadily faster. In 
computer systems, clocks 
that now stand at 100 
MHz will rise to 1 GHz 
later in this decade. Digi¬ 
tal Equipment is develop¬ 
ing a 1-2-GHz version of the Alpha AXP chip; 
Intel promises faster Pentiums; and Fujitsu 
has a 1-GHz Sparc processor in the works for 
1996. Digital communication systems are 
getting faster as well, for data rates of 2 giga- 
b 3 d;es per second or more are now common 
in personal computer networks, local- and 
wide-area networks, and cellular and optical- 
fiber systems. 

But when chips run at such high frequen¬ 
cies and signal edges consist of frequency 
components that are still higher, the inter¬ 
connects that link them on circuit boards and 
modules start behaving like transmission 
lines. A new set of analysis tools is there¬ 
fore needed to take the high-speed effects 
into account [Table 1]. 

DEFINING HIGH SPEED. A simple driver-re¬ 
ceiver circuit illustrates the problem [Fig. 1]. 
So long as the interconnects are short and 
the clock rates are low, receivers are loads 
for the driver and can affect its output wave¬ 
form. In cases of this kind, long-familiar tech¬ 
niques, such as Ohm’s law and Kirchhoff’s 
laws, serve to determine the waveforms. 
Loading due to interconnects is counted in as 
lumped capacitance to ground or as RC tree 
networks. 

Things change once the line becomes long 
enough for the signal’s rise and fall times to 
roughly match its propagation time through 
the interconnect. Then the interconnect 
electrically isolates the driver from the 
receivers, which no longer function directly 
as loads to the driver. Instead, within the time 
of the signal’s transition between its high and 
low voltage levels, the impedance of the 
interconnect becomes the load for the driver 
and also the input impedance to the re¬ 
ceivers. Such transmission line effects as 
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reflections, overshoot, undershoot, and 
crosstalk distort the signal [Fig. 1], and the 
system may no longer be analyzed with the 
same circuit theory as is used for slower 
devices. 

Nor is clock rate the sole basis for char¬ 
acterizing a system as high-speed. For exam¬ 
ple, in a circuit with a 1-MHz clock whose rise 
time is 1 ns, transmission line effects occur 
during signal transitions because of their fast 
slew rate. Since the clock rate is low, the sig¬ 
nal will eventually attain steady state. But 
its fast rise time generates reflections and 
ringing; and the resulting signal may cross 
the threshold voltage several times, falsely 
triggering circuits. The primary factors that 
determine whether high-speed signal distor¬ 
tion effects should be considered are inter¬ 
connect length, signal slew rate, and clock 
speed. Logic levels, dielectric material, and 
conductor resistance are among the sec¬ 
ondary determinants. 

A trapezoidal signal with finite rise and fall 
time has significant frequency components 
up to several times the clock rate. The fun¬ 
damental frequency is that of the clock itself. 
The magnitudes of the higher-frequency 
components decrease at the rate of 20 dB 
per decade up to the frequency that corre¬ 
sponds to the rise time. For example, in the 
case of a 5-V, 100-MHz clock with a 50 per¬ 
cent duty cycle and a 1-ns rise time, the fun¬ 
damental frequency has an amplitude of 
approximately 3 V, while the 1-GHz compo¬ 
nent has an amplitude of 0.3 V. Depending on 
ground definition and the occurrence of 
simultaneous switching, such large harmon¬ 
ics could have an unwelcome effect on circuit 
operation. This is of particular concern in a 
mixed-voltage design where some devices 
might have threshold voltage noise margins 
below 0.3 V. 

Details of this nature determine how high 
in frequency the analysis of a high-speed 
design needs to go. As a rule of ±umb, high¬ 
speed design techniques including signal 
integrity analysis should be adopted when the 
propagation delay in the interconnect is 
20-25 percent of liie signal rise and fall time. 

Moreover, the overall clock cycle time is 
divided among signal validation, setup, and 
clock skew, as well as interconnect delay. 
Thus at 66 MHz, the present clock rate of 
the Pentium processor, the delay available 
for signal propagation is measured in the 
suhnanosecond range, as Don Telian, man¬ 
ager of the Integrated Microcomputer Divi¬ 
sion at Intel Corp., Folsom, Calif., has 
observed. For success in designing a sj^tem 


using so high a clock rate, the engineer needs 
to estimate the interconnect delays with 
great accuracy. 

FROM DOARDS TO MODULES. The design of 
printed-circuit boards that will operate at 
these high clock rates needs to factor in the 
electrical contribution of interconnects, 
which begin to behave as distributed trans¬ 
mission lines and coupled lines at clock rates 
above 30 MHz. 

That this happens has been known in 
supercomputer designs for some time. The 
designers of high-performance systems had 
to do a lot of prototyping to study the prob¬ 
lem before designing boards for high clock 
rates. Early on, the design tools available for 
addressing such issues were very specialized 
and meant to be used by the experts in the 
field. Companies like Cray Research, IBM, 
Sperry, Control Data, and Honeywell were 
pioneers in this area. They were forced to 
treat interconnects as transmission lines 
from the start of the design, according to 
Greg Doyle, vice president of engineering 
at Integrity Engineering Inc., St. Paul, Minn. 
Generally, they had a group of circuit gurus 
who understood the circuits and their elec¬ 
tromagnetic properties in depth. 

But now that the clock rates of today’s 
personal computer boards and consumer 
s 3 ?stems are lending interconnects a dispro¬ 
portionate influence over board perfor¬ 
mance, Doyle believes that there is a need for 
signal integrity analysis tools intended for 
nonexperts to use. 

Along with the rise in clock rates goes a 
rise in the complexity of custom and appli¬ 
cation-specific ICs, and also in the unsuit- 


DeNniiig tenns 

Coplanar waveguide: a transmission-line geome¬ 
try in which a conductor pattern is located in the gap 
between two ground patterns—^all in one plane on 
a substrate surface. 

Microsirip: a transmission-line geometry with a 
single conductor trace on one side of a dielectric 
substrate and a groundplane on the other side. 
Quasl-transverse electromagnetic mode: one in 
which the magnitudes of electric and magnetic fields 
in the directions other than perpendicular to the 
direction of propagation are small relative to the per¬ 
pendicular components. 

Strlpllne: a transmission-line geometry in which a 
single circuit trace is located in the dielectric mate¬ 
rial between two parallel ground planes. 

Transverse electromagnetic mode: one in which 
both the electric and magnetic fields are everywhere 
perpendicular to the direction of propagation. 
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[1] When a clock pulse is applied to the input of a driver, it is delayed but maintains its wave¬ 
form if loading is minimal. At low speeds, receiver and interconnect loading can distort the wave¬ 
form. At high speeds, when transmission-line effects become important, ringing may appear. 


structures. Their physical properties include 
the width, spacing, and thickness of ±e lines 
and the thickness of the dielectric material; 
important electrical parameters are metal¬ 
line resistivity and skin depth, dielectric con¬ 
stant, and dielectric loss factor. 

Lack of a good ground is a key problem 
often encountered in high-speed designs. 
Inductance frequently exists between the 
virtual and actual ground due to intercon¬ 
nects and lead inductance, for example. If 


many drivers switch simultaneously, a volt¬ 
age proportional to the rate of change of cur¬ 
rent with time is induced across the inter¬ 
connect, which may cause false switching of 
devices on the victim line. Vias, bond wires, 
and package and connector pins also con¬ 
tribute to the effect, which is known as 
ground bounce or delta I noise. In MCMs, 
moreover, the meshed ground plane adds to 
the adverse effects. [See “Diagnosing high¬ 
speed effects,” p. 58.] 

In fact, there are a number of issues of 
particular interest to designers of MCMs for 
high-speed applications, according to Larry 
Rubin, president of Quad Design Technology 
Inc., Camarillo, Calif. While ±e short run 
lengths in MCMs tend to reduce intercon¬ 
nect delay and other length-dependent trans¬ 
mission line effects, the narrowness of the 
lines tends to engender significant losses due 
to resistance and the skin effect, so that sig¬ 
nals at higher frequencies and edge rates are 
degraded. Further, because of higher wiring 
density and the imusual via structures, the 
effects of crossover and via parasitics can 
be stronger in MCM designs than in tradi¬ 
tional printed-circuit board approaches. 
Finally, ground plane effects (both ac and 
dc) need to be accounted for carefully in this 
context, since severe ground bounce and an 



ability of the one-chip-per-package approach. 

Pin counts often number several hundreds. 

Inter-chip and packaging delay can signifi¬ 
cantly boost the overall system delay if con¬ 
ventional printed-circuit boards are used. 

The engineer has to move on to increasingly 
efficient packaging technologies, such as 
multichip modules (MCMs). 

These days, the MCM is emerging as one 
of the most important packaging technolo¬ 
gies since the surface-mount device. Its 
advantages stem primarily from the elimi¬ 
nation of the chip package with its associated 
parasitics. Because the MCM simplifies the 
component, it also improves the yield and 
shrinks the footprint. 

In all likelihoal, MCMs will catch on in aU 
electronic systems. Manufacturers are using 
the technology to aid communication among 
chips in mainframe computers and in tele¬ 
communication and optical communication 
applications. Tohru Handa, executive man¬ 
ager for the New Business Development 
Group at OKI Electric Industry Co. in Japan, 
said that his company has developed high¬ 
speed switching modules for local-area net¬ 
works and asynchronous transfer mode 
telecommunications using MCM technology. 

Its next-generation 2.4-Gb/s switch modules 
and 150-Mb/s to 2.4-Gb/s optical interface 
module will also use MCMs. 

HIGH-SPEED EFFECTS. When the wavelength of 
the signal of interest becomes short enough 
to roughly match the length of the intercon¬ 
nect, the distributed parameters of the trans¬ 
mission line cannot be represented accu¬ 
rately by means of a lumped-parameter 
equi^lent circuit. At high frequencies, induc¬ 
tances and capacitances of short lengths of 
conductors cannot be neglected. These 
inductances and capacitances are distributed 
along the length of conductor and engender 
a signal that is distorted by reflections, ring¬ 
ing, and crosstalk. Ground bounce, narrow 
lines, inaccurate semiconductor models, and 
physical and electrical characteristics are 
other areas that need watching. 

The most common geometries used in the [3] Signal integrity analysis of printed-circuit boards and MCMs includes electrical representa- 
design of printed-circuit boards and MCMs tions of such physical structures as interconnects, ground and power planes, packages, and con¬ 
duce microstrip and embedded microstrip nectors. Modeling tools develop mathematical representations of drivers, receivers, loads, and ter- 
lines, strip lines, and coplanar waveguide minations; then, network solvers analyze the overall electrical system, yielding output waveforms. 


[2] An increase in signal edge speed is accompanied by a change in desi^ methodology from 
the classical design approach that considers pin-to-pin delays and lumped parasitic parame¬ 
ters to a high-speed analysis based on the electromagnetic properties of the physical structures. 
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[4] A concurrent design 
system is critical for re¬ 
ducing the design cycle 
time and the number of 
iterations. Such a system 


ware, analysis and syn¬ 
thesis tools, reliability 
analysis, and an interface 
to documentation and 


effective shift in threshold voltage can result 
from the combination of high current den¬ 
sities with the thinner (and sometimes non¬ 
copper) metallizations for power distribution. 

The speeds, noise margins, logic swings, 
and other electrical properties of the logic 
families used (CMOS or TTL, for example) 
determine the critical interconnect length 
beyond which high-speed effects are a con¬ 
cern [Table 2], Intel’s Telian has pointed out 
that driver and receiver models likewise 
influence the simulation of the overall char¬ 
acteristics of signal propagation and distor¬ 
tion. The accuracy of signal integrity analy¬ 
sis depends on the accuracy of the semi¬ 
conductor circuit models, whose availability 
is crucial to IC suppliers, IC users, and ven¬ 
dors of electronic design automation equip¬ 
ment. IBIS—the input/output buffer infor¬ 
mation specification—^is an open forum that 
is developing a generic standard capable of 
offering accurate circuit models, while main¬ 
taining the confidentiality owed to propri¬ 
etary information. 

HIGH-SPEED DESIGN. Designers are by now 

familiar with the classical approach to board 
design, which is appropriate only when the 
interconnect parasitics can be approximated 
as lumped elements [Fig. 2]. To review the 
steps briefly, a conceptual design is followed 
by analysis of logic, timing, and critical path, 
and analog and other simulations are per¬ 
formed to determine the logical and timing 
accuracy of the design. Then the logical 
design is converted into a physical design by 
means of physical layout tools. Physical 
analysis tools are used to extract lump^ par¬ 
asitic elements to account for interconnect 
loading. These lumped parasitics are back- 
annotated to the simulators to verify the 
validity of the design after physical layout. 

For high-speed designs, however, detailed 
interconnect and signal integrity analysis are 
required in addition [Fig. 3]. Central to signal 
integrity analysis are the electromagnetic 
(EM) field solver (or Maxwell’s equations 
solver), models of drivers and receivers, the 
electrical network solver, and the electro¬ 
magnetic interference (EMD analyzer. 

In this process, the layout database is 
scanned for unique interconnect and cou¬ 
pling structures and discontinuities. Then, 
EM field solvers use the layout information 
to solve Maxwell’s equations by numerical 
methods. Input to the solvers contains such 


physical data about the printed circuit or 
multichip module as the layer stack-up, di¬ 
electrics and their thicknesses, placement of 
power and ground layers, and interconnect 

1. Tools for signal integrity analysis 


metal, width, and spacing. 
The output is the mathe¬ 
matical representation of 
the electrical equivalent circuit of physical 
structures on ±e board or module. 

Some field solvers analyze a structure in 
two dimensions on the assumption that the 
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Yes/yes 
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Solid 

modeling 
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capture, 

layout 


Transmission line analysis 
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Power/ground plane analysis 


Platforms supported (d) 

Printed-circuit board/multichip moduie layout/router software interfaces 


Yes/yes Yes/yes Yes/yes Yes/yes 


Yes/yes Yes/yes 


Mentor Graphics’ Board Station 


Cadence Design Systems’ Allegro 


Cooper & Chyan Technology 


Other interfaces and formats 


(a) Modeling and applications ba _ __ 

(b) Model library for use in signal integrity analysis. No analysis. 

(c) Also Monte Carlo, high-speed calculator and high-speed electrical rules. 
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third dimension is symmetrical; they can be 
used for regular transmission lines and cou¬ 
pled lines on boards or modules. Others solve 
Maxwell’s equations in 21/2 dimensions, and 
are required for more complex structures 
such as bends in interconnects, gridded 
ground and power planes, and packaging dis¬ 
continuities. More accurate tools that solve 
Maxwell’s equations in all three dimensions 
can handle connectors, vias, packages, and 
other complex structures. In choosing 
among the varieties of field solvers, the com¬ 
plexity of the structure must be considered, 
and the accuracy of the computation must be 
weighed against the performance and com¬ 
putational cost. 

Secondly, electrical models representing 
drivers, receivers, load, and terminations are 
basic to any signal integrity analysis tool. 


Modeling tools convert electrical information 
in semiconductor databooks into the neces¬ 
sary models or generate models from accu¬ 
rate measurements in the time domain. 

As the third step, network solvers perform 
time domain analysis to determine the wave¬ 
forms at the I/O pin or interconnect net, 
using as input electrical data produced by 
field solvers and the semiconductor models 
of active devices. Broadly speaking, there are 
two types of network analysis tools used in 
signal integrity analysis: those that rely on 
versions of Spice, and those that are based on 
direct-solution methods using fixed time 
increments. The complexity of solving ±e 
system of matrices that represents a large 
electrical network is an order of magnitude 
larger in an iterative, adjustable time-step 
method, like Spice, than in direct-solution 


methods. For the analysis of such large elec¬ 
trical networks as interconnects in a printed 
circuit or a chip module, direct-solution (non- 
Spice) network solvers give better perfor¬ 
mance. But for critical net analysis. Spice- 
based solutions are better because of the 
availability of very accurate transistor-level 
driver/receiver models. 

Finally, for EMI analysis, interconnects 
are viewed as radiating antennas with alter¬ 
nating currents running through them. 
These currents are calculated in the fre¬ 
quency range of interest. 'Then the far and 
near fields radiated from these current ele¬ 
ments are vector summed to determine the 
net radiated field. 

The two biggest challenges in EMI analy¬ 
sis are obtaining driver/receiver models that 
are accurate to the frequencies specified by 
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the applicable EMI guidelines, 
and analyzing the effects of 
enclosure on the radiated 
energy. 

A number of these tools for 
signal integrity analysis are 
commercially available [Table 
1]. The field solvers provide 
electrical models for intercon¬ 
nects and the coupling be¬ 
tween them. Most of them pro¬ 
vide accurate models for inter¬ 
connects with transverse elec¬ 
tromagnetic (TEM) or quasi- 
TEM modes of signal propaga¬ 
tion. More sophisticated field 
solvers can handle 3-D struc¬ 
tures like interconnects on 
hashed ground planes, and 
packages or other structures 
that have non-TEM modes of 
signal propagation, and will treat them wi± 
full-wave equation representation. 

The integration of these tools with lay¬ 
out, design entry, and other simulation tools 
is critical to a productive design environment 
for signal integrity analysis. 

For design of high-speed boards or mod¬ 
ules, designers control the impedances of the 
interconnect traces by taking care to select 
and maintain the proper trace width; select 
appropriate transmission line configurations 
(such as stripline and microstrip line); and 
optimize dielectric constants and thick¬ 
nesses. If the characteristic impedance of 
interconnects is matched with that of the ter¬ 


2. How semiconductor logic families compare 


Logic family 

Typical 
propa¬ 
gation 
delay, ns 

Edge 

speed, ns 

Noise 

margin, 

mV 

Signal 
swing, V 

Operating 
voltage, V 

Critical 
interconnect 
length, cm 

CMOS 

25 

15 

1000 

4.7 

+5 

10.0 

HCMOS 

8 

6 

1120 

4.7 

+5 

4.0 

ACMOS 

5 

4 

1250 

4.7 

+5 

2.7 

FCTCMOS 

4 

2 

800 

3.0 

+3.3 

3.5 

m 

(H-,LS-,ALS-,S) 

6, 9,4, 3 

3 

300 

3.0 

+5 

2.0 

ASTTL 

2 

1.2 

300 

3.0 

+5 

1.0 

Fastm 

2.5 

1.2 

200 

1.7 

+3.3 

2.0 

ECL10KH 

1 

1.8 

230 

1.0 

-5.2 

1.2 

BiCMOS 

1.2 

0.7 

200 

1.0 

+5 

0.5 

ECL100K 

0.8 

0.5 

200 

1.0 

-5.2 

0.3 

GaAs10G 

0.3 

0.15 

100 

1.0 

-5.3 & +3.5 

0.1 


Diagnosing high-speed effects 

When transmission-line effects are not properly 
accounted for, printed-circuit boards and multichip 
modules slated for high-speed applications may 
function erratically, if at all. Some of the more com¬ 
mon symptoms are listed below. 

• The board or multichip module functions only 
at low clock speed. 

• The board or the multichip module operates 
properly only within a narrow range of frequencies. 

• The system operates properly with parts from 
one vendor but not with another’s parts. 

• The system functions with parts from one batch 
but not from another. 

• The board or module works when cooled or 
when heated, but not over the specified temperature 
range. 

• The board works with certain connectors or 
with parts in certain packages but not with others. 

• The board or multichip module Is sensitive to 
small changes in power supply voltages. 

• Touching or bringing the hand closer to the 
board or multichip module changes the shape of the 
signal. 

• Adding bypass capacitors changes the oper¬ 
ation significantly. 

• The board or module has significant electro¬ 
magnetic radiation, or is sensitive to electromag- 


• The board or module operates properly as an 
Individual subsystem, but not when connected with 
other system components. 


minating drivers and receivers, weaker sig¬ 
nal reflections occur on the interconnect. A 
variety of terminations (series, parallel, 
Thevenin, RC network, and diode) can be 
used to minimize the signal distortion due 
to reflections, which they do by providing bet¬ 
ter impedance matcbing to the characteris¬ 
tic impedance of the interconnect. 

ALL IN ORDER. While the minimum-wire 
method is widely used to route the traces 
on traditional boards and MCMs, at higher 
speeds, the order in which nets are con¬ 
nected can interfere with the delay budget— 
or rather, with the ability to stay within that 
budget. Daisy chain net ordering is one of the 
most usual methods, although other net 
orders can be used in particular designs. 

Net ordering leads to a need for tight cou¬ 
pling between logical and physical design 
processes for high-speed applications. As a 
result, the interconnects’ physical design 
properties (like termination rules, net order¬ 
ing, and interconnect layer definitions) and 
electrical parameters (like their character¬ 
istic impe^ce and propagation delay) may 
be defined and analyzed at both the logical 
and physical design levels. 

A concurrent design approach, if it has 
closely linked logical and physical design 
environments and is combined with signal 
integrity analysis point tools, has another 
plus: it helps electrical and physical layout 
designers to communicate and shortens 
high-speed-design cycle time as well. Such 
a system may have different design tools 
running on different platforms (depending on 
computational requirements), all operating 
from a consistent database and framework 
and sharing design data among themselves 
as appropriate [Fig. 4]. When design software 
operates in such harmony, under similar user 
interfaces, the electrical designer can more 
easily analyze basic design tradeoffs among 
many parameters—^high-speed propagation 
delay, signal distortion, crosstalk, controlled 
interconnect impedance definition, termi¬ 
nation schemes, and electrical net ordering 
rules—at the schematic level or at the lay¬ 
out level. And information can be shared by 


the design tools in both environments. 

A concurrent design setup also integrates 
tools for analyzing such high-speed design 
issues as signal overshoot and undershoot, 
clock skew and jitter, ground bounce, differ¬ 
ential pair routing, and shielded routing, not 
forgetting simultaneous switching effects 
and heat generation and dissipation. 

As the number of high-spe^ nets in elec¬ 
tronic systems increases, it will no longer be 
practical to analyze every net individually, or 
to specify termination rules, net ordering, and 
other constraints on individual nets. Future 
design tools will therefore need some intelli¬ 
gence if they are to assign net ordering and 
termination schemes on the basis of user- 
defined constraints on timing delay and the 
timing budget. These requirements will lead 
to layout s 5 mthesis and timing-driven routing. 
Nonetheless, it will always be necessary to 
conduct a careful analysis of some critical 
nets in high-speed designs. 

TO PROBE FURTHER. One of many good texts 
on analysis and modeling of transmission line 
structures is Monolithic Microwave Inte¬ 
grated Circuits: Technology and Design by 
this article’s author (Artech House Inc., 
Boston, 1989). Another is Transmission 
Lines, Circuit Analysis, Simulation and 
Design, edited ^ A£. Ruehli (North-HoUand, 
1987). Numerical Computation of Electric 
and Magnetic Fields, by Charles W. Steele 
(Van Nostrand Reinhold Co., 1987), is a good 
collection of numerical methods commonly 
used to solve Maxwell’s equations. 


natives: the Basics, by editors Daryl Ann 
Doane and Paul D. Franzon (Van Nostrand 
Reinhold, 1993), includes high-speed design 
issues in MCMs. ♦ 
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PACKAGING/TEST 


Testing multichip modules 


In many cases, applying 
board-type tests using 
an 1C tester will prove 
to be the most effective 
test methodology 



he advantages of imple¬ 
menting electronic sys¬ 
tems as multichip mod¬ 
ules instead of boards full 
of packaged ICs are well 
known. The compact as¬ 
semblies of uncased chips 
and other tiny compo¬ 
nents are simultaneously smaller, lighter, 
more rehable, and sometimes even faster 
than their printed-circuit board counter¬ 
parts. Less clearly perceived are some puz¬ 
zling challenges that multichip modules pose, 
many of which are tied to testing the com¬ 
pact assemblies. 

Since multichip modules (MCMs) tend to 
combine the complexity of printed-circuit 
boards with the access problems of ICs, test¬ 
ing them can be quite a challenge, to say the 
least. Successful test strategies borrow heav¬ 
ily from conventional chip and board test 
methods—often combining them for best 
effect. Which test procedures are most 
appropriate for a given MCM depends, of 
course, on the characteristics of the partic- 


Andrew Flint Motorola Inc. 


Defining terms 

Application-specific integrated circuit (ASIC): a 

chip providing customer-required functionality by 
using customized metal layers over a standard array 
ot circuitry. 

Assembly test: a test that detects such manufac¬ 
turing defects as wrong or misaligned parts and 
open or shorted component leads. 

Boundary scan: a test practice In which special cir¬ 
cuits are added to the input and output signals of ICs 
to gain controllability and observability at the board 
test level. 

Bnrn-ln: acceleration of device failure modes by 
operating at elevated temperature. 

Fault diagnosis: precise identification of the cause 
of a test vector failure. 

Fault dictionary: (for falling test vectors or output 
signatures) a list of probably responsible faults. 
Functional tost: a test conducted from the I/O pins 
of the device under test. 

In-circuit tost: a test in which the tester gains access 



[1] While simple multichip modules needing no repair can be tested by conventional chip-test¬ 
ing methods, more complex ones, like this demonstration military computer system, require 
that a board-test strategy be used. The module contains a 68040 microprocessor, a programmable 
gate array, and five memory chips, in addition to many smaller components. 


ular module. Relatively simple ones that are 
not intended to be repairable are best treated 
as chips; complex devices that must support 
repair [Fig. 1] are more appropriately dealt 
with as boards. 

Whatever the ultimate strategy, it will 
probably be put together in three phases: 
deciding what tests to perform, developing 
test vectors to support those tests, and apply¬ 
ing the vectors on test equipment. Since 
MCMs are frequently produced by semicon¬ 
ductor fabricators who already own expen¬ 
sive very large-scale IC (VLSI) testers, prac¬ 
tical test strategies in many cases will consist 
of applying board-type tests using chip-type 


to the Internal nodes of the device under test, typi¬ 
cally through a bed-of-nails fixture. 

Knnwn-gund dice: unpackaged integrated circuits 
that have been fully tested. 

Level-sensitive scan design (LSSD): a design prac¬ 
tice in which test structures are added to a chip's 
internal state elements to facilitate automatic test 
pattern generation. 

Limited functienal lest (for multichip modules): a 
functional test in which test resolution is limited to 
exercising the I/O pins of the ICs within the multi¬ 
chip module. No effort is made to exercise the gates 
internal to those ICs. 

Pin tevei stuck-at test: a test used to verify that a 
component’s leads are connected to the substrate. 
System test: a test ot an assembly run in an actual 
system or in a close approximation of the system. 
Test vecters: patterns of 1 s and Os applied to chips' 
inputs with expected output response. 

Wafer grebe: a test of integrated circuits while still 
in the silicon wafer manufacturing stage. 


automatic test equipment. 

MCM test approaches tend to be rooted in 
either IC testing or board testing. The for¬ 
mer basically consists of full functional test 
using the MCM package pins for access. Part 
of the appeal of the full functional approach 
is that the vectors it needs can often be 
derived from the design verification simula¬ 
tion stimulus. In addition, using a chip tester 
as the test platform would allow MCM func¬ 
tionality to be fully exercised in only a few 
seconds. 

Less desirably, if a faulty wire bond existed 
on the module, the chip tester would be 
unable to provide fault diagnostics to support 
a repair requirement, since chip test is basi¬ 
cally a go/no-go operation. Also, an MCM 
may contain several passive analog compo¬ 
nents, which are difficult, if not impossible, to 
test on chip testers. For these reasons, func¬ 
tional test using a chip tester is best suited 
for simple, nonrepairable MCMs. 

The other MCM test methods are bor¬ 
rowed from board test. In many cases the 
typical two-step board test strategy of as¬ 
sembly test followed by system test can be 
readily applied to MCIIMs. Assembly test 
includes such techniques as in-circuit testing, 
boundary-scan testing, and limited functional 
testing. 

In-circuit test applies vectors to chips in 
isolation from ±eir neighbors. Such testing 
obviously requires that certain design-for- 
testability practices be followed—^for exam¬ 
ple, bringing the I/O pins on each internal die 
to external access points, making sure that 
the input pins of the internal dice are driven 
by three-state outputs, and never hard- 
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wiring internal signal pins to power or 
ground. The biggest hurdle to the wide¬ 
spread use of in-circuit test is the fact that 
tester control of internal circuit nodes will be 
impossible if these practices are not followed. 
BOUNDARY SCAN HELPS. As wi± boards, how¬ 
ever, boundary scan can provide a solution. If 
MCMs are designed with as many boundary- 
scan chips as possible, the access problem 
will be lessened. Currently available chips 
that comply with the IEEE 1149.1 boundaiy- 
scan standard include advanced micro¬ 
processors, application-specific IC families, 
specialty chips, and bus transceivers. Using 
boundary scan, MCM interconnect can be 
verified with only thousands of vectors, as 
compared with tens of thousands of vectors 
without it. 

Among the most important uses of bound¬ 
ary scan is verifying the assembly of an 
MCM onto a circuit board. Unfortunately, it 
can do this only if all the MCM I/O pins are 
internally connected to boundary-scan chips. 
Adding boundary-scan components to the 
chip module for the sole purpose of more 
easily verifying its attachment to its host cir¬ 
cuit board may therefore well be worth con¬ 
sideration. 


Chip and board testing 


The final assembly test technique is lim¬ 
ited functional test, which exercises the chips 
in the MCM only enough to toggle their I/O 
pins. While this is certainly not trivial, it is 
much easier than trying to propagate vectors 
from the package’s I/O pins all the way to the 
internal gates of those chips. Limited func¬ 
tional test is best suited as a supplement to 
other assembly test techniques and as a 
stand-alone test only when in-circuit and 
boundary-scan tests are impossible. In some 
cases, because of the nature of MCMs as a 
hybrid between chips and boards, hybrid test 
combining several techniques is appropriate. 

As mentioned earlier, in testing boards, 
assembly test is usually followed by system 
test. For MCMs, system test means plugging 
the module into a circuit board, where the 
overall functioning of the MCM can be ver¬ 
ified at speed in midflight, so to speak. 

Besides serving as part of a two-step test¬ 
ing strategy, system test can also be a stand¬ 
alone strategy when the fault coverage and 
diagnostic resolution are outstanding or 
when a module is simple and needs no repair. 
TEST SELECTION. Before deciding on a test 
strategy for an MCM design, a multitude of 
factors must be considered. Among the more 


crucial are the costs of both the individual 
dice and the finished product, the speed of 
operation of the product, the thoroughness 
with which the dice were tested before 
assembly, and the availability of simulation 
models and test vectors for the dice. Also 
important are the type of tester available, the 
cost of test time, the complexity of the MCM, 
repair requirements, and the quality needed 
for the finished product. Other prime con¬ 
siderations are the number of modules to be 
shipped, the degree to which the module has 
been designed to be testable, the degree to 
which the dice have been designed to be 
testable, the percent of nodes accessible to 
a tester, bum-in requirements, and the avail¬ 
ability of system test. 

No recipe has yet been developed for con¬ 
verting the parameters just enumerated into 
the best possible test strategy for a given 
MCM design. Common sense, rales of 
thumb, and experience are the best guides 
right now. Some of this practical know-how 
has been combined into a selection chart 
that, while unable to determine which of sev¬ 
eral strategies is best, does at least eliminate 
the impossible ones [Fig. 2 on p. 62]. 

Next, after a first-order identification of 


The standard method for testing integrated circuits is full functional 
test on expensive, high-speed automatic test equipment (ATE), like 
the Trillium tester from LTX Corp. shown in the photo. In IC test¬ 
ing, the goal is to prove the functionality of the chip by having the test 
vectors exercise all of its internal gates. 

Verification that the part meets its basic dc specifications is han¬ 
dled by a parametric measurement unit on the tester. To confirm that 
such ac parameters as propagation delay are within specification, 
high-accuracy timing measurements are also performed Most test 
problems are solved by this highly capable test equipment, which 
makes possible test speeds of over 100 MHz and is capable of pro¬ 
viding a million vectors from the tester’s memory. 

To increase the yields of packaged dice, most IC manufacturers 
pretest their chips while they are still in wafer form. Wafer probing 
is typically done with the same test equipment as final testing, but 
with different fixturing. State-of-the-art probe fixturing can accom¬ 
modate high-speed testing, but most wafer testing checks only func¬ 
tionality and dc parameters. Testing for ac parameters is done at final 
test, often for speed sorting. 

Test vector generation, though, remains the biggest technical issue 


Boundary-scan chip Memory chip 



in IC test. Some integrated circuits—application-specific ICs (ASICs), 
for example—have simulation libraries available to support an 
advanced design verification environment, out of which the tools 
needed for test vector generation naturally develop. But advanced 
microprocessors lack the same inherent simulation support that 
ASICs have because the custom microprocessor circuits are not con¬ 
tained in built-in libraries. These chips require tremendous amounts 
of manual test vector generation, with much of the simulation mod¬ 
eling done on the fly. 

One method for reducing the test generation effort is to design the 
chip to be testable right from the outset through the use of such tech¬ 
niques as level-sensitive scan design (LSSD). In this method, all device 
state elements are connected in a scan chain to allow serial applica¬ 
tion of test vectors. The advantage of using this method is that algo¬ 
rithms are already in place to generate test vectors for such cir¬ 
cuits automatically. 

Another technique designed to reduce the post-design test effort 
is built-in self-test (BIST). BIST places within the chip special circuits 
that exercise internal logic and verify functionality, and is usually 
designed to rapidly perform an at-speed test of the part. 

BOARD TEST STRATEGIES. Assembling components onto printed-circuit 
boards successfully requires verification through complete test of 
every unit. For boards with hundreds of components, this job can¬ 
not be done effectively with a single test. Procedures that test a 
board’s functionality from its primary I/O connections cannot iso¬ 
late such faults as missing pull-up resistors and open surface-mount 
connections. On the other hand, tests that are good at detecting miss¬ 
ing components and open connections cannot determine if a board 
will perform its function at speed. To handle this dilemma, loaded 
boards are tested in two steps: assembly test followed by system test. 

In assembly testing, each component is checked to verify its cor¬ 
rect connection to the substrate. This in-circuit test technique 
requires tester access to each circuit node. Typically, access is 
achieved with a bed-of-nails test fixture designed for a specific cir¬ 
cuit board. The nails are spring-loaded test probes contacting vias, 
edge connector pads, and through-hole component leads. 

Assembly testing is done in several steps. Shorts testing and pas¬ 
sive analog tests are performed without power applied to the board. 
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possible strategies, comes a detailed analysis 
of the MCM, including the many other para¬ 
meters already mentioned. Ideally, this analy¬ 
sis is performed at an early stage in the de¬ 
sign cycle of the module, so design im¬ 
provements can be put into effect to improve 
test coverage or reduce the overall system 
cost. 

To get a feel for the kind of thinking that 
goes into selecting a test strategy, consider 
a multichip module with the following char¬ 
acteristics: it runs at 50 MHz and contains 
uncased ICs (two RAMs, one custom chip, 
and one digital signal processor) that do not 
support boundary scan. The MCM technol¬ 
ogy does not support repair, and the IC dice 
are pretested but not burned in. While in-cir- 
cuit test cannot be performed, a system test 
is feasible. And simulation to support func¬ 
tional test on a chip tester is possible but 
difficult because the module is complex. 

In this case, a first-level analysis using the 
chart of Fig. 2 shows that chip-type func¬ 
tional test and board-type system test are 
possible test methods. Functional test, 
though, is not a good stand-alone strategy for 
this MCM because of the complexity of the 
assembly of chips: test vectors could not be 


Chip versus board testers 


Parameter 

Board 

tester 

Chip 

tester 

Number of channels 

1500 

256 

Vector depth 

16 kb j 

1 Mb 

Speed, MHz 

5.0 

40 

Backdrive capability, 
mA 

500 

50 

Diagnosis capability? 

Yes 

No 

Boundary-scan ATPG? 

Yes 

No 


developed in a reasonable amount of time. 
On the other hand, a limited functional test 
can be developed, which will cover aU the dice 
pins. 

System test is usually poor as a stand¬ 
alone test because it will not detect or diag¬ 
nose many manufacturing defects. But it is 
unmatched at showing how well a compo¬ 
nent functions at speed. 

From these considerations, and also not¬ 
ing that the chips are not burned in, the rec¬ 
ommendation is a three-stage strategy, in 
which a limited functional test is followed 
by a system test, a bum-in step, and a second 


system test. The first two tests cover all the 
faults likely to occur in the product. The 
burn-in and second system test then weed 
out those units that would have failed after 
a short while in the field. 

DEVELOPING THE TEST VECTORS. Once a test 
strategy has been chosen, the next task is 
to develop test vectors. For boundary-scan 
and in-circuit tests, vectors can usually be 
generated automatically by modem board¬ 
testing systems. Functional tests, however, 
will almost always require that at least some 
vectors be written manually. 

Another way of obtaining in-circuit vec¬ 
tors is to buy them from the IC manufac¬ 
turer. The manufacturer’s vector set is likely 
to be extremely lengthy, but will provide very 
complete fault coverage. Depending on 
tester memory limitations, only the first sev¬ 
eral thousand vectors obtained may need to 
be run. 

In the case of the MCM described in the 
previous section, test vectors were devel¬ 
oped in two steps. The functional vectors, 
which may be thought of as performing a 
combination of limited functional test and 
built-in test, were developed manually in a 
simulation environment to prove correct- 


Then each IC is tested by itself with power applied. For complex 
chips, the ratio of gates to pins is high, and tests for pin level con¬ 
nections often test only a small portion of the chip’s workings. For 
this reason, the in-circuit test step assumes that chips are fully tested 
before assembly. 

In the days of dual in-line chip packages, bed-of-nails access to each 
circuit node was automatically achieved by contacting through-hole 
leads on the bottom of the board. With the advent of surface-mount 
technology and densely packed double-sided boards, the access 
required by bed-of-nails in-circuit testing has been difficult to jus¬ 
tify. To deal with this situation, boundary scan was developed. 
DOUNDARY BASICS. Boundary scan is a test practice in which direct 
tester access to each circuit node is not required. Instead, special test 
structures are designed into the ICs to aUow virtual test access from 
I the board edge connection. 

The special test structures consist of a shift register made up of 
flip-flops at every I/O lead of the device and a state machine to con¬ 
trol the test circuits. By concatenating the shift registers added to 
each chip into one chain for the whole board, test vectors can be 
shifted into the board circuitry from the edge connector. 

When all chips on a board have boundary scan, all chip-to-chip 
interconnect can be readily tested. With the assumption of pretested 
ICs mentioned above, a board passing a boundary scan interconnect 
test is analogous to a board passing in-circuit test using a bed-of-nails 
tester. 

In addition to interconnect testing, other uses for boimdary scan 
are chip internal testing (scanning serial patterns into the chip and 
scanning out the chip response) and sample testing during normal 
operation (sampling outputs at certain times during operation). Of 
course, boundary scan is a digital technique, so it does not apply to 
analog circuitry, but work is under way to extend the concept to allow 
simplified testing of analog components, too. 

The impact of boundary scan has been immense. Automatic test 
equipment is available with hardware and software designed to sup¬ 
port it. So many chip suppliers now provide ICs with boundary-scan 
circuitry on them that it is possible to design a complex circuit board 
in which most of the chips are compatible with the IEEE 1149.1 bound¬ 
ary-scan standard. 

Although the main obstacles to full compatibility are memory 



devices and small-scale integration (SSD chips, these can be tested 
for pin faults using the boundary-scan chain of neighboring devices, 
as shown in the drawing. True, a certain amount of automatic test 
equipment access may still be required—to operate the strobe sig¬ 
nals at the proper times, in the illustrated case—but providing that 
access is much simpler than providing access to all the memory’s 
address and data lines. 

Once a circuit board has passed assembly test, a high-speed sys¬ 
tem test is performed—typically by a custom test box—to ensure 
that the board works properly at its intended operating speed. The 
defects that can slip through after component prescreen and assem¬ 
bly test include marginal components, components damaged during 
handling by such things as electrostatic discharge, and assembly 
defects not covered by in-circuit test. 

Fault diagnosis is needed to support the repair of system test fail¬ 
ures. But fault diagnosis can be complex because it may be extremely 
difficult to determine the cause of system test failures \^en the causes 
are subtle. Techniques such as guided probing and fault dictionary are 
aids to reduce the complexity. Newer approaches include providing 
a self-test driven by an on board microprocessor. But no matter how 
good the diagnostic resolution, there will always be faults whose diag¬ 
nosis requires trained technicians armed with logic analyzers. 
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ness before application on the test floor. 
Support for the self-test was provided by 
the on-board digital signal processor 
(DSP) component. 

Vectors for the system test were bor¬ 
rowed largely from the test code for the 
board that the MCM replaced. In all like¬ 
lihood, a common technique for develop¬ 
ing MCM test code vdll be to adapt board- 
level system tests to MCM testing, 
especially when part of an existing board’s 
circuitry is placed into an MCM. 
APPLYING TEST VECTORS. The final step in 
the test development process is to decide 
how to apply the test vectors. Because 
many M()M producers are also chip pro¬ 
ducers and already own expensive VLSI IC 
testers, there is a great deal of interest in 
using those machines for testing MCMs. 

Fortunately, even though chip and board 


be obtained (devices 
Simulation? used in MCMs have ex- 

Bourdarysoan? t>^emely fine pitches), 

and operators or robots 
In-circuit? can be trained in the 

delicate task. 

Boundary scan, though originally 
intended to alleviate board test prob¬ 
lems, may also be applied to MCMs on 
chip testers. The important issues are 
test vector generation and fault diag¬ 
nostics. Typical chip testers lack the 
tools to support boundary scan test gen¬ 
eration and diagnostics. But there is, 
after all, an IEEE standard for bound¬ 
ary scan and the test structures are 
independent of a chip’s internal logic, so 
if the designer learns how to generate 
tests and diagnose faults for boundary- 
scan interconnect for one MCM design. 


testers are quite different [see table on p. [2] This charting tool for identifying possible multi- the work on subsequent designs will be 
61], two of the board-type tests—in-circuit chip module (MCM) test methods requires that six ques- relatively simple, 
and boundary-scan—can indeed be applied tions be answered: Lisa system test available? 2. Are This means that manual boundary- 
on chip testers. Certain rules must te fol- known-good dice available? 3. Does the MCM technol- scan test generation for small MCMs is 
lowed, however, to avoid problems with ogy allow repairs to be made? 4. Is simulation feasi- practical. A fault dictionary to support 
using a tester not specifically designed to ble? 5. Do any of the dice in the MCM support bound- diagnostics can also be constructed 
support these methods. The main issues ary scan? 6. Is in-circuit test feasible? The answers to manually in not too much time, 
are vector sources, IC isolation, and diag- the two groups of three questions yield one vertical and To sum up, the chosen test strategy 
nostics. one horizontal line. The box in which they intersect con- can usually be applied with existing 

For in-circuit testing, the main concern tains the recommended test strategies, as follows: 0 = no equipment. In certain cases, tester lim- 
is that the test vectors be developed in the test capability; 1 = functional test; 2 = boundary-scan itations may force the adoption of a 
proper format for the IC tester. Board test; 3 = in-circuit test; and 4 = system test. (Chart devel- less-than-optimal test strategy. It 


testers have pattern libraries that support oped by William Blood Jr.) 
many common IC types; chip testers do 
not. So the vectors will have to be gener¬ 
ated manually or obtained from the chip 
manufacturer—much the preferable alter¬ 
native. 

The second major issue is IC isolation. In- 
circuit test exercises each chip individually, 
so its neighbors must somehow be put out 
of the picture. Board-test generation soft¬ 
ware automatically dispenses disabling pat¬ 
terns to put neighboring chips with three- 
state outputs into their high-impedance 
state; or, for parts that do not have three- 
state outputs, it forces neighboring outputs 
to a logic fflGH for subsequent overdrive to 
a LOW by the vectors. 

Chip testers have neither the software to 
automatically generate isolation patterns nor 
drivers strong enough to overdrive logic 
states. The driver-strength constraint 
requires that all outputs on internal nodes be 
of the three-state type. For lack of software 
support for generating disable patterns, that 
chore must be done manually. The designer 
must determine which ICs may interfere 
with the chip under test, and then add vec¬ 
tors to put their outputs into the high-imped¬ 
ance state. 

A popular technique in testing boards is to 
develop a set of vectors that puts all the 
devices on one into the high-impedance 
state, and then to bring only the device under 
test out of that state. This general initializa¬ 
tion routine can be inserted at the beginning 
of all device tests. 

Diagnosing in-circuit test failures is another 
challenge. Chip testers do not automatically 


assist in assigning failures to a particular fault. 
But they can be coaxed into providing a fair 
amount of diagnostic help. 

One method is to expand their binning sys¬ 
tems. In normal chip testing, failed chips are 
assigned one of several categories, or bins, 
depending on which test they failed. For 
MCM testing, additional bins could be cre¬ 
ated to classify failures based on which chip 
failed. 

Another viable method of fault diagnosis 
is the use of a fault dictionary—a look-up 
table that lists vector failures and probable 
causes. Chip testers can compile vector fail¬ 
ures in a datalog, which lists the failing vec¬ 
tors by vector number along with failing out¬ 
put numbers. With a fault dictionary, look-up 
software would match the failing vectors in 
the datalog with faults in the dictionary to 
produce a diagnosis. The dictionary itself 
should be developed the same time that the 
test vectors are written. 

A final method is probing. With board 
testers, when an in-circuit test fails, power to 
the device is removed and the operator is 
prompted to draw a grounded probe across 
the device leads. The tester monitors the 
probing to see whether any device leads are 
open, that is, that they are not contacting the 
substrate. This approach serves as a simple 
and effective means for isolating failures to 
ordinary assembly faults. 

The same technique could be used on chip 
testers if three conditions are met: the tester 
software and hardware can be made to sup¬ 
port the process, sufficiently fine probes can 


seems reasonable to expect the future 
to bring testers optimized for MCM 
designs—testers that will always allow the 
adoption of the best strategy for a given 
design. 

TO PROBE FURTHER. A good introduction to the 
important aspects of multichip module 
(MCM) testing can be found in “Electrical 
Testing of Multichip Modules,” by T.C. Rus¬ 
sell and Y. Wen, chapter 13 of Multichip Mod¬ 
ule Technologies and Alternatives, edited by 
P.D. Franzon and DA Doane (Van Nostrand 
Reinhold, 1993). In J.K. Hagge and R.J. Wag¬ 
ner’s “High-Yield A^mbly of Multichip Mod¬ 
ules Through Known-Good ICs and Effective 
Test Strategies,” Proceedings of the IEEE, 
Vol. 80, no. 12,1992, pp. 1965-94, the effects 
of dice yield on MCM yield are examined. 

C.M. Maunder and R.E. Tulloss have 
edited The Test Access Port and Boundary 
Scan Architecture (IEEE Computer Society 
Press, 1990), the definitive text on boundary 
scan. In the past few years, the Intemationi 
Test Conference has steadily increased the 
number of papers and tutorials concerning 
MCMs. Conferences devoted to the subject 
include the International Conference on 
MCMs, hosted by the International Society 
for Hybrid Microelectronics and the IEEE 
MCM Conference. ♦ 
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TUTORIAL/SYSTEMS DESIGN 


Engineering a small system 


Once the preserve of large 
government projects, 
systems engineering can 
benefit commercial 
products, as well 


“D 


o it right the first time” is 
the slogan of systems 
engineering. The ap¬ 
proach can benefit all 
types of development 
projects, small as well as 
large, because the objec¬ 
tive is the same; to design 
a high-quality product as fast and efficiently 


as possible. 

Perhaps the most cogent definition of sys¬ 
tems engineering is given in the 1988 Cham¬ 
bers Science and Technology Dictionary. “A 
logical process of activities which transforms 
a set of requirements arising from a specific 
mission objective into a full description of a 
system which fulfills the objective in an opti¬ 
mum way. It ensures that all aspects of a proj¬ 
ect have been considered and integrated into 
a consistent whole.” 

In other words, systems engineering 
translates a customer’s stated need into a set 
of requirements and specifications for a sys¬ 
tem’s performance and configuration. The 
process defines all the resources and spe¬ 
cial tools needed plus the stages in the prod¬ 
uct’s development. It also sets up check¬ 
points at each stage in the design cycle to 
ensure that objectives are met and that 
defects are identified and corrected as early 
as possible, thus minimizing their impact on 
the development schedule and on the prod¬ 
uct’s cost and quality. The final system is then 
validated against the original requirements 
and specifications. 

For decades now systems-engineering 
techniques have been standard in the U.S. 
Department of Defense and applied to large 
commercial products like airliners. But they 
have not been widely applied to the engi¬ 
neering of medium-sized or relatively small 
commercial products like medical diagnostic 
equipment or industrial test and measure¬ 
ment instruments. That situation, however, 
may be changing. Organizations such as the 
U.S. Food and Drug Administration (FDA) 
and the International Organization for Stan¬ 
dardization (ISO) are establishing guide- 
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lines—for example, the ISO standard 
9001—on how quality should be addressed 
during the development of products. A devel¬ 
opment process based on the analytical tech¬ 
niques of systems engineering also can help 
meet this goal. 

START WITH NEEDS. Perhaps the prime 
assumption underpinning systems engineer¬ 
ing is that a product should be designed to 
fulfill customers’ actual needs; only by solv¬ 
ing a real problem better than any competi¬ 
tion does a product become truly success¬ 
ful. As identified through marketing surveys 
and other mechanisms, the customers’ needs 
inspire the formal written requirements the 
product must fulfill. On those requirements 
are based the system’s technical specifica¬ 
tions, which form part of the documents that 
are the key references for the design. 

Self-evident as this approach may seem, 
it is surprisingly common for companies to 
develop products with little or no customer 
input. Even when a large market exists, a 
product can fail when the customer’s real 
needs are poorly understood. For example, 
both General Electric Ultrasound in Mil¬ 
waukee, Wis., and Philips Ultrasound in Santa 
Ana, Calif., have introduced ultrasound med¬ 
ical imaging instruments that would have 
sold in greater numbers had the interfaces 
been better tailored to the needs of the 
intended users. The GE product put a touch 
screen over the image monitor—but imag¬ 
ing gel and other contaminants on the ultra¬ 
sound technician’s fingers quickly accumu¬ 
lated, smudging the screen and blurring the 
diagnostic image. 

The problem with the Philips instrument 
was different. Ultrasound imaging instru¬ 
ments typically have many separate controls, 
and Philips sought to reduce that number 
by incorporating a mouse. But ultrasound 
technicians want to concentrate on the diag¬ 
nostic image, not be distracted by computer 
icons, and to progress through an examina¬ 
tion as quickly as possible. Clicking the but¬ 
tons on the mouse was neither fast nor inter¬ 
active enough to suit their needs. 

REDUCE REDESIGN. Another assumption be¬ 
hind systems engineering is that the system 
as a whole must be carefully planned out to 
minimize its redesign. For a long time the 
largest source of project delays, redesign typ¬ 
ically becomes necessary because the prod¬ 
uct requirements were poorly defined or 
changed, the engineering specifications were 
inferior, or the basic design’s ability to meet 
the original requirements was not thor¬ 
oughly reviewed. 


The full effect of inadequate planning is 
rarely detected until late in the development 
cycle, sometimes even into the system’s 
design validation phase. The later any design 
defects are detected, the more time and 
money any redesign will need. Moreover, late 
changes often compromise the product’s 
reliability and maintenance costs, perhaps 
even affecting its profitability and success. 
Spending extra time up front completing and 
clarifying the basic requirements dways pays 
high dividends in the end. 

Even so, the best-written requirements 
can be undermined if unnecessary changes 
to them are allowed after design is started. 
During this phase, the product is often 
embellished in ways not specified originally. 
Commonly called ‘fcreeping elegance,” these 
additions are sometimes made without an 
awareness that such changes may delay the 
schedule and add to the life-cycle costs. 

In Japan, such companies as Matsushita 
Communication Industrial Co.’s Instrument 
Division in Yokohama and Toshiba American 
Medical Systems Inc. in Tustin, Calif., man¬ 
age both to prevent and profit from creeping 
elegance. As new ideas or requirements sur¬ 
face, they are collected not for ongoing proj¬ 
ects, but for later upgrades or new products. 

To be sure, companies must at times react 
to market shifts or exploit some new dis¬ 
covery by changing product requirements, 
but the resulting stretchout of schedule and 
increase in cost should be clearly grasped 
and properly integrated into the product’s 
development plan. 

SPECS DRIVE DESIGN. A third essential 
assumption of systems engineering is that 
specifications for the system as a whole, as 
well as for the details of individual compo¬ 
nents, should direct the design process. A 
system-level design specification defines the 
system’s architecture in terms of functional 
segments and their interfaces. Taking the 
time to architect the system properly can 
minimize the system’s complexity, lower its 
cost, and improve its reliability, manufac¬ 
turability, and serviceability. It is also impor¬ 
tant for the final top-level design and archi¬ 
tecture to show how these objectives can be 
balanced in terms of life-cycle costs, not 
near-term objectives. 

Performance specifications must also be 
captured so that they can be compared with 
measured system performance during de¬ 
sign verification. 

SCALING DDWN. Systems engineering on 
large government projects is rigorous and 
detailed. For smaller commercial applica- 
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tions, it can be streamlined to reduce the 
overhead while retaining the benefits. 

Whatever its size, though, a company 
using systems engineering development 
must proceed through six phases: require¬ 
ments development, system design, detail 
design, system integration, system optimiza¬ 
tion, and design validation. During each 
phase, formal documents are written, cap¬ 
turing all elements of the design. These doc¬ 
uments then become the references that 
drive the design process. 

Phase 1: Requirements development. 
The first step in designing any system is 
identifying the objectives it must fulfill. Since 
life-cycle costs hinge on this early planning, 
enough time and resources absolutely must 
be allocated to researching the system’s 
requirements. 

In a commercial environment, the prod¬ 
uct’s objectives should be determined by sur¬ 
veying the needs of potential customers. 
Next, a team should be formed to develop the 
specification describing the product’s func¬ 
tional requirements. This team should in¬ 
clude representatives from marketing, engi¬ 
neering, manufacturing, field service, and 
any other group that will influence the sys¬ 
tem’s functions and life-cycle costs. 

The specification should cover each of the 
system’s required functions in detail, includ¬ 
ing a description of the user interfaces with 


objectives for response time, types of input 
and output devices (visual or auditory), and 
any application-specific information that 
relates ergonomic requirements to the typ¬ 
ical user’s environment. Each function must 
be associated with a specific type of control, 
and each requirement for user feedback 
must be associated with an output device. 
The functional-requirement specification, 
however, defines only what has to be 
designed into the product, not how it is to be 
designed. 

One of the trickier aspects of this first 
phase is determining which features and 
functions are of the most value to the prod¬ 
uct. The first draft of a functional specifica¬ 
tion for a new product often resembles an 
indiscriminate list of features found in exist¬ 
ing products. One way to identify the most 
valuable features is to use quality function 
deployment (QFD), a technique that— 
through developing a series of matrices— 
can help rank product attributes in order of 
their importance to the customer. Under¬ 
standing which of these attributes matter 
most will aid the team in making sound deci¬ 
sions when tradeoffs must be made. 

The functional-requirement specification 
is complete when the project team is willing 
to commit itself to a set of functions, recog¬ 
nizing that the completeness of the docu¬ 
ment describing them is vital to the quality 


Systems-engineering checklist 

Here is a checklist of the steps essential to applying systems-engineering principles to the design of 
smaller commercial products: 

Requirements phase 

• Consult potential customers to ascertain their actual needs. 

• Have a multidisciplinary project team take that statement of needs and use it to develop a detailed 
specification describing the product’s functional requirements. 

System-design phase 

• Develop a system architecture that supports specified product requirements. 

• Develop system-design specifications that document the system's architecture, system-level per¬ 
formance specifications, and the functional requirements of each subsystem and component. 

• If necessary, use simulations and other analytical techniques to verify that top-level design con¬ 
cepts support all specified product requirements. 

• Define the system’s life-cycle cost model. 

Detail design phase 

• Design the hardvi/are and software as described in the system-design specifications. 

• Schedule several detail-design reviews to make quite sure that the hardware and software meet the 
specifications. 

• Build and test each component to verify that the design objectives have been met. 

• Develop plans for integrating the components and subsystems into the entire system, and for test¬ 
ing the system. 

• Compare the actual costs of designing the hardware and software with the cost estimates to verify that 
cost objectives are being met. 

System integration phase 

• Integrate the components and subsystems into a prototype system and verify its functionality. 

Design verification and optimization phase 

• Verify that all performance specifications are met over all specified operating conditions. 

• Optimize the system’s design by minimizing any differences found between expected and measured 
performance. 

System validation phase 

• Evaluate the final product’s configuration to ensure that it complies with the original functional-require¬ 
ments specification. 


of the final system, and that any changes 
made to the document after it is released to 
the design engineers will directly affect prod¬ 
uct quality, production schedule, and life- 
cycle costs. 

Phase 2: System design. The next step 
is to translate the completed functional 
requirements into an architecture and a set 
of system-level design specifications that 
together meet the original customer needs. 
It is essential now to translate all the func¬ 
tional requirements into design specifica¬ 
tions, making sure that none is overlooked. 

The architecture document must identify 
each subsystem and component, specify all 
the intended relationships among them, and 
delineate clearly how each will fulfill one of 
the documented functional requirements. 
Performance requirements should be spec¬ 
ified quantitatively, in terms that can be mea¬ 
sured in the final system. 

For any small project, such as an instru¬ 
ment containing only a couple of circuit 
boards, writing a single system-level speci¬ 
fication may suffice. For a larger project, 
such as a medical ultrasound imaging system, 
it is preferable to have one top-level docu¬ 
ment specify the system’s architecture and 
performance requirements, and separate 
specifications define the functional and per¬ 
formance requirements for each subsystem. 
The subsystem specifications would also 
identify and specify the requirements for 
each circuit board within the subsystem. 

One of the more perplexing aspects of the 
system-design phase is the proper allocation 
of functions to hardware and software. If that 
allocation is suboptimal, the product may end 
up with overly expensive hardware or overly 
complex software. For an intricate system 
such as an ultrasound imaging system, com¬ 
puter-aided engineering (CAE) tools are use¬ 
ful for comparing choices of implementation, 
developing critical performance specifica¬ 
tions, and verifying signal-processing algo¬ 
rithms before starting the designs of sub¬ 
systems and components. 

Ideally, a single simulation tool would 
address all the necessary levels of simulation 
from behavior modeling through algorithm 
development and down to the level of hard¬ 
ware details. But currently, different CAE 
tools must address those needs [see table at 
right]. Any modeling or simulations begun 
during this phase should be revisited later 
to optimize the system’s performance. 

Part of the system-design phase is to de¬ 
velop a plan for the integration of the system. 
This plan should define the order in which 
the components will be assembled into larger 
units, whose function will be verified before 
proceeding to the next step in the assem¬ 
bly. The plan should identify the acceptance 
criteria for hardware (such as printed-circuit 
boards and other components) and software 
for those units, identify any needs for spe¬ 
cial test fixtures or tools, and assess the num¬ 
ber of support personnel required to com¬ 
plete the assembly. 

For more complex systems, a coordinated 
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j test plan helps ensure that any special 
resources or equipment will be on hand to 
test and optimize the system. For efficiency, 
this plan should identify key performance 
benchmarks. 

Phase 3: Detail design. Now, and only 
now, do engineers begin to design the hard¬ 
ware and software that will implement the 
top system-level specifications. Every aspect 
of these designs should be documented by 
drawings and written descriptions, which will 
ultimately support the development and man¬ 
ufacturing processes. From the detail-design 
phase emerge tested and verified compo¬ 
nents ready for integration into the system. 

The design teams should use the system- 
level design specifications as the primary 
technical reference for all designs. More¬ 
over, several times during the detail-design 
phase, the designs should be reviewed 
against the systems-level specification to see 
that its objectives are being met. 

Phase 4: System integration. At last, 
it is time to put aU the components and sub¬ 
systems together. They should be assembled 
in the order defined by the integration plan, 
which was mapped out during the system- 
design phase, and verified to work. 

Phase 5: Design verification and opti¬ 
mization. After it has been established that 
the system works properly, it is necessary 
to test that it performs just like or better 
than the requirements of the system-design 
specification. If the system was properly 
designed, the scope and range of the opti¬ 
mization parameters should be embedded 
within the control software or hardware so 
that adjustments are easy. The system is 
optimized when differences between the ex¬ 
pected and measured performance of all its 
functions have been minimized. 

Phase 6: System validation. Finally, it 
is time to ensure that the final system design 
complies with the functional-requirements 
specification. This is the last overall check of 
the system before its design is released to 
manufacturing. 

Every state of the machine and every 
function described in the original functional 
requirements must be tested to validate the 
system. Since today most systems have some 
kind of embedded computer, functionality is 
usually dictated by the control software and 
much of the validation is bound up with the 
testing of the software design. Every time 
the software is modified or changed, the sys¬ 
tem must be re-validated. In fact, the ability 
to validate a system design quickly can 
enhance its upgradeability and maintainabil¬ 
ity. Automated test tools that can simulate 
user inputs and then monitor for correct 
responses can speed this process. 

BEYOND CONCURRENT ENGINEERING. A well- 
conceived systems-engineering process 
shares some of the same development objec¬ 
tives as concurrent engineering. Premised 
on multidisciplinary project teams, concur¬ 
rent engineering helps to ensure that all ele¬ 
ments of the product life cycle are factored 
into the design, and overlaps development 

Skytte—Engineering a small system 
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DSP = digital signal processing. Source: Kurt Skytte 


phases whenever possible to save time. 

In some ways systems engineering may be 
viewed as a refinement of concurrent engi¬ 
neering. It takes the basic concept of multi¬ 
disciplinary design teams and adds to it 
guidelines for formal development phases. 

By adopting a structured approach to 
development that is scaled to the needs of 
the project, it is possible to eliminate some of 
the remaining sources of design defects and 
development risks. Development time is fur¬ 
ther shortened, and product quality and prof¬ 
itability are enhanced. 

TO PROBE FURTHER. Because the use of system 
engineering principles in developing modest¬ 
sized commercial products is a fairly new 
concept, information on it must be taken 
from more general systems-engineering 
sources. The National Council on Systems 
Engineering (NCOSE) has estabhshed a 
working group to specifically address com¬ 
mercial systems-engineering practices; con¬ 
tact NCOSE at 333 Cobalt Way, Suite 107, 
Sunnyvale, CA 94086. 

Benjamin S. Blanchard and Walter J. Fab- 
rycky’s textbook Systems Engineering and 
Analysis (Prentice Hall, Englewood Cliffs, 
N.J., 1990) is an excellent overview of sys¬ 
tems-engineering concepts, design methods. 


and commonly used analytical tools. 

All aspiring system architects should also 
read Eberhardt Rechtin’s classic Systems 
Architecting: Creating and Building Com¬ 
plex Systems (Prentice Hall, Englewood 
Cliffs, N. J., 1991), which defines the role and 
responsibilities of the system architect and 
lists what knowledge, skill, and other perti¬ 
nent traits are required. Rechtin’s article 
“The Art of Systems Architecting” (IEEE 
Spectrum, October 1992, pp. 66-69) intro¬ 
duces a number of design heuristics that can 
be used, along with analytical techniques, to 
develop the architectures for syrstems. 

The author wishes to thank Mchael Bren- 
del and Christopher Chapman of Siemens 
Medical Systems Inc. (Ultrasound Group), Issa- 
quah. Wash., for their helpful insights. ♦ 


ABOUT THE AUTHOR. Kurt Skytte is the president 
ofAnalySys Consuiting, in Alamo, Calif., which 
specializes in consulting for the development of 
medical and analytical instruments. Before found¬ 
ing AnaiySys Consulting, he was systems engi¬ 
neering manager at Siemens Ultrasound Inc. from 
1986 to 1992. Before going to Siemens, he was a 
hardware design engineer and project leader for 
the Instrument Division of Varian Associates in Wal¬ 
nut Creek, Calif, for six years. 
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EEs’ tools & toy s 


IBM offers bare-boarri 
tester to outsiders 

There is an up side to everything. In the case 
of IBM Corp., the good news is that belea¬ 
guered finances have persuaded the com¬ 
puter giant to sell some products and ser¬ 
vices it had been reserving for internal use. 
One of the niftier is a go/no-go electrical 
tester for finding flaws in printed wiring. 

Called Latest (for LAtent-open TEST), the 
instrument superimposes an ac signal on a 
larger dc level that it drives through the 
traces under test. By analyzing the distortion 
induced in the ac signal, Latest can spot not 
only open circuits, but incipient opens as well. 
What is more, it can distinguish among the 



To check out a suspect trace, the operator first 
positions a probe at each of its extremities, 
then gets the tester to drive a dc current 
through it. By analyzing the distortions 
induced in an ac signal riding on the dc 
level, the instrument can detect and distin¬ 
guish among a large number of latent fail¬ 
ure types. 

types of imminent failures—neckdowns, 
dishdowns, mouse bites, hairline cracks, bar¬ 
rel cracks, voids, reductions, and separa¬ 
tions—that jeopardize circuit reliability. 

The tester even has a talent for finding 
process-related defects, which are usually 
hard to locate without costly and time-con¬ 
suming destructive tests. According to IBM, 
the company has used Latest for nearly 10 
years to find defects that could not be found 
with time-domain reflectometry, four-point 
resistance measurements, and other expen¬ 
sive techniques. 

Latest is offered in two forms: one for 
printed-circuit boards and the other for 
ceramic substrates, as used in multichip 
modules, for example. Either model may be 
used as a manually operated stand-alone unit 
or as part of an automated tester in con¬ 
junction with a robot. Price of the circuit- 
board model is US $48 000, with delivery in 
four to sk weeks; price of the other model 


is still being set. Contact: Irv Memis, IBM 
Endicott Electronic Packaging, 1701 North 
St., Endicott, NY 13760; 800-934-0104; fax, 
607-757-1022; or circle UO. 


EDUCATION 


Visualizing convolution 

Compact though the integral equation is for 
convolution, most students find it difficult to 
visualize the operation in order to gain an 
intuitive understanding of its application. The 
bridge to appreciating how the ffip-slide-mul- 
tiply-integrate sequence works involves ani¬ 
mation, something not easily achieved in a 
book or on a chalk board. 

Enter the software package, P.C. Convo¬ 
lution. A student easily enters a variety of 
functions, including Dirac Delta functions, 
and then is stepped through the convolution 
process. Unlike packages that simply per¬ 
form convolution and show the result, P.C. 
Convolution is a teaching tool that studiously 
displays the intermediate products of the cal¬ 
culation. The software will work with both 
continuous and discrete time signals and per¬ 
forms convolution, correlation, and circular 
convolution. 

P.C. Convolution is a simple, menu-driven 
package. Most students spend less than 5 
minutes learning how to use it and never 
need to read the users’ manual. It executes 
on most IBM personal computers and equiv¬ 
alents. The program runs under DOS 4.0 (or 
later) or Windows, and requires an 80286 
processor or better, 640 kB of RAM, and an 
EGA-compatible graphics card. A math 
coprocessor is recommended but not 
required. 

The program is distributed free of charge 
to college and university instructors. A 
demonstration version may be obtained over 
the Internet via anonymous ftp from 
franklin@ee.umr.edu (IP# 131.151.4.6, file 
name /pub/pcc). A fully operational version 
is also available. Contact: K. Kosbar, 117EE 
Building, University of Missouri-Rolla, 
Rolla, MO 65401; 314-341-4894; e-mail, 
kk@ee.umr.edu; or circle 111. 


n Pentium design guide 

Anxious to apply the Pentium microproces¬ 
sor from Intel Corp. to one of your systems? 
Then consider purchasing a new third-party 
design handbook, Pentium processor system 
architecture (MindShare Press, Richardson, 
Texas, 1993). 

The book’s authors, Don Anderson and 
Tom Shanley, are instructors who claim to 
have trained “thousands” of engineers and 


technicians on PC system architectures at 
companies like IBM, Compaq, Dell, and, yes, 
Intel. In fact, the pair conducts the primary 
technical training courses on the Pentium 
itself at these companies. 

The 306-page book promises to guide 
readers concisely one step at a time through 
the microprocessor’s architecture, “unlike 
mammoth data books that may be confus¬ 
ing and uninformative.” And according to 
Michael Slater, publisher of the industry 
newsletter Microprocessor Report, the book 
“is more readable and offers more perspec¬ 
tive than Intel’s documentation.” At only 
$29.95, the book sounds worth a shot. 

The book is sold at technical bookstores or 
it may be ordered by mail. Contact: Order 
Desk, Computer Literacy Bookshops, 2590 
North First St, San Jose, CA 95131; 408-435- 
0744; fax, 408-435-1823; e-mail, info© 
clbooks.com; or circle 112. 


INSTRUMENTATION 


H (fairly) inexpensive digital scope 

Priced at $4950, the TDS 410 digital stor¬ 
age oscilloscope from Tektronk Inc. is not 
a low-cost instrument. But considering its 
sampling rate of 100 megasamples per sec¬ 
ond and its ability to store 15 000 samples 
from each of its two inputs, it cannot be cMed 
expensive either. The 410 has a bandwidth of 
150 MHz and a sensitivity of 1 mV per divi¬ 
sion. Its vertical channels are accurate to 



The TDS 410 digital sampling oscilloscope 
from Tektronix Inc. features a bandwidth of 
150 MHz, a sampling rate of 100 megasam¬ 
ples/s, and a price tag of $4950. Using an 
optional package, this scope has calculated 
a fast Fourier transform [bottom trace] from 
a stored waveform [top trace!. 

within 1.5 percent of full scale. 

The latest member of the company’s TDS 
400 series, the 410 boasts many of the same 
features as the other family members. It has 
a repertoire of 25 automatic measurements, 
including rise time, fall time, duty cycle, mean 
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value, root-mean-square value, burst width, 
and frequency. It stores up to 10 setups in 
nonvolatile memory so that complex and/or 
frequently needed measurements may be 
made exp^tiously. And it lets the user cre¬ 
ate pass/fail templates for conformance ver¬ 
ification in manufacturing test. 

For an additional $995, users may add an 
optional fast Fourier transform (FFT) math 
pack, which includes integration and differ¬ 
entiation as well as FFTs [photo]. Other 
options include video triggering, interfaces 
and formats for most printers and plotters, 
and direct dovmload to popular desktop pub¬ 
lishing programs. 

The TDS 410 has a delivery time of ap¬ 
proximately four weeks. Contact: Tektronix 
Inc., Test and Measurement Group, Box 
1520, Pittsfield, MA 01202; 800-426-2200, 
ext. 282; or circle 113. 


k cost-conscious electrometer 

Mandatory for many applications in optics, 
materials science, and other areas of physics, 
electrometers—if not too expensive—may 
also be attractive to test engineers evaluat¬ 
ing high-impedance components. Their ap¬ 
peal is as an alternative to digital multime¬ 
ters for making low-current measurements. 
One electrometer that seems to meet that 
cost criterion is the $2995 Model 6512 from 
Keithley Instruments Inc. The 4-1/2-digit 
instrument has just 5 f A (5 X 10”'^ A) of bias 
current, less than 1 mV of burden voltage, 
and an input impedance in excess of 200 Til 
(200 X 10“ il). It measures current from 
<2 fA to 20 mA, resistance from 100 mil to 
200 Gil, voltage from 10 |jlV to 200 V, and 
charge from 10 fC to 20 n(i;. 

For current measurements, the meter 
uses a feedback ammeter design, which iso¬ 
lates the very large current-sampling resis¬ 
tor from the input cable capacitance, thus 
avoiding the problem of long settling times 
caused by the long R-C time constant of the 
sampling resistance and the cable capaci¬ 
tances. For voltage and resistance measure¬ 
ments, it achieves a similar result by allow¬ 
ing users to drive the inner shield of its 
triaxial input cable to the guard voltage. 

In addition to front-panel push buttons, the 
6512 can be controlled via an IEEE-488 inter¬ 
face bus. The bus handles all functions, 
including zero-correction (for canceling 
internal offsets) and suppression (for making 
measurements with respect to a selected 
baseline). Contact: Keithley Instruments Inc., 
28775 Aurora Rd., Cleveland, OH 44139; 
800-552-1115; fax, 800-936-3300; or circle 
114. 


Pay-ner-use board test 

The trouble with top-end board testers is 
that their cost is hard to justify unless they 
are in more or less constant use. Since not 
every potential user can keep one busy all the 


time, Hewlett-Packard Co. has ingeniously 
invented a pay-per-use board-test system. 

The HP 3070 is a fully configured combi¬ 
national test system priced on a par with an 
HP 3072 unpowered tester. (The actual price 
is a function of node count; a 1300-node sys¬ 
tem goes for $132 000.) 

When the tester is used for unpowered 
opens testing, the customer pays no addi¬ 
tional fee to H-P. If in-circuit or combina¬ 
tional testing is required, a test credit but¬ 
ton similar to a subvray token card is inserted 
into the system, which then debits pre-pur- 
chased test credits at whatever rates apply 


to the tests performed. Users thus have all 
the test capability they may need always to 
hand, but pay for it only when they use it. 

“This system is the ultimate in asset uti¬ 
lization,” said David W. Webb, business analyst 
and pay-per-use product manager with H- 
P’s Manufacturing Test Division in Loveland, 
Colo. ‘The risk associated with underutiliza¬ 
tion of the tester is virtually eliminated.” 

The system may be upgraded at any time 
to an adranced Model HP 3073 or 3075. All 
pay-per-use hardware and 50 percent of all 
test credit buttons count as equity toward 
an upgrade. The H-P 3070 pay-per-use sys- 


WHO SAYS GET 

FLOWCHARiS FLOWCHARHNG S 

If team members drag their feet when it 
comes to creating flowcharts, you need 
Flow Charting 3. Its straightforward, no- 
nonsense approach makes it easy to 
learn, yet powerful to use. 

A must in today's competitive world, flow¬ 
charts are essential to documenting, 
steamlining, and improving processes 
and procedures. Flow Charting 3 iets you: 

■ Chart fast with "Hot-Keys" or mouse 

■ Put shapes, lines and text anywhere 
you want them 

■ Create unlimited custom shapes 

■ Print boardroom perfect charts on dot 
matrix and laser printers 

■ Access context-sensitve, on-line help 

■ Use on a LAN— share files, set up 
work groups, access usage reports 

■ Import and export between other 
popular programs 

And Flow Charting 3 is backed with 
unparalleied post-buy support including 
free unlimited technical support, free sub¬ 
scription to "The Flow Charter™", access 
to valuable flowcharting resources, and a 
full 90-day, no-risk guarantee. 

See your dealer today, or for a full 
interactive demo disk, cali now: 

800-525-0082 Ext. 173 

PAnON^PAITON 

• ■ ■ ♦ 

Excellence in charting the flow of ideas! 

485 Cochrane Circle, Morgan Hill, CA 95037-9932 408-778-6557 Fax; 408-778-9972 
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Tools & toys 

tem has a delivery time of 8-12 weeks. Con¬ 
tact: Hewlett-Packard Co., Direct Market¬ 
ing Organization, Box 58059, MS51 l-SJ, 
Santa Clara, CA 95051-8059; or circle 115. 


GENERAL INTEREST 


free electronic newsletter 

HOTT, which stands for Hot Off The Tree, is 
a monthly electronic newsletter that will 
cover the latest technological advances in 


computers, communications, and electronics. 
It commences publication at just about the 
same time that this issue of Spectrum 
appears. 

According to its publisher, David Scott 
Lewis, editor-in-chief and book and video 
review editor of IEEE Engineering Man¬ 
agement Review, each issue will provide arti¬ 
cle summaries on new and emerging tech¬ 
nologies. Among the topics to be covered are 
virtual reality, neural networks, personal dig¬ 
ital assistants, graphical user interfaces, 
intelligent agents, ubiquitous computing, 
genetic and evolutionary programming, wire- 


Macsyma® for Math Applications 
You can have it all. 



Ease of Use 




Reliability 




Low Price 


Major Upgrade on UNIX 

The new help systems, display 
features and math enhancements 
pioneered in PC Macsyma are now 
available in Macsyma on UNIX 
workstations. 


ware for symbolic, numeric and 
graphical mathematics. Reviewers 
agree that Macsyma's on-line help 
system is the best in the field. 


Engineers and scientists who use 
Macsyma consistently describe it as 
the most powerful and reliable soft- 


lEEE Spectrum calls Macsyma "a 
national treasure" and says: "Users 
with heavy mathematics needs 
should insist on Macsyma." 


Call l-SOO-macsynia for a free demo disk today. 

A quarter century of software development is hard to beat. 

$ 349 /$ 999 =^ ^Macsyma 

Macsyma® is a registered trademark of Macsyma Inc. UNIX® is a registered trademark of AT&T Bell Laboratories. 
Macsyma Inc. tel: 617-646-4550 l-800-macsyma 

20 Academy Street fax:617-646-3161 1-800-622-7962 

Arlington MA 02174-6436 / U.S.A. 


less networks, smart cards, video phones, 
set-top boxes, nanotechnology, and massively 
parallel processing. 

Lewis plans for HOTT to provide sum¬ 
maries from a large number of sources, in¬ 
cluding many major world newspapers and 
magazines, trade publications, and research 
journals, including all publications of the IEEE 
Computer and Communications societies. 

So how do you sign up for the service? Just 
send a subscription request to listserv® 
ucsd.edu. Leave the “subject” line blank. In 
the body of message input: SUBSCRIBE HOTT- 
LIST. Do not include first or last names fol¬ 
lowing “SUBSCRIBE HOTT-LIST.” Contact: 
David Scott Lewis, Box 18438, Irvine, CA 
92713-8438; 714-662-7037; e-mail; d.s.lewis@ 
ieee.org. 


Putting graphics back in books 

As every college student is only too well 
aware, textbook prices are climbing out of 
sight. Trade books, too, are feeling the eco¬ 
nomic pinch, with the result that excellent 
graphics of various types are routinely omit¬ 
ted from books for economy’s sake. 

Aware of these trends, and hoping to find 
a way of countering them, Edward J. Syl¬ 
vester of the Walter Cronkite School of Jour¬ 
nalism and Telecommunication at Arizona 
State University (ASU) is putting his book. 
The Healing Blade: A Tale of Neurosurgery, 
on the Internet, whence interested readers 
may download it at no cost. Published a year 
ago by Simon & Schuster, the book looks at 
the human brain through the eyes of neuro¬ 
surgeons and their patients. 

Right now, the prologue, opening chapter, 
and several graphics files are available, but 
the real purpose of the exercise, according 
to Sylvester, is to explore “...how graphics 
might be made available at little cost for 
future book buyers....” He hopes to have a 
cross section of interested parties attempt to 
download, view, and print personal copies of 
the graphics as he uploads them. 

Readers who use Gopher simply need to 
locate the ASU Gopher within the Arizona 
gopher. Once there, they would go to Cam¬ 
pus Wide Information Services, then to Jour¬ 
nalism, then to Healing Blade. The readme 
file gives information on downloading. Alter¬ 
natively, access may be gained via Anony¬ 
mous FTP from info.asu.edu/pub/cwis/jour- 
nalism/healing_blade. 

Sylvester requests that people who have 
tried to download and read his files report 
their success (or problems) to him. Contact: 
Edward Sylvester, School of Journalism, Ari¬ 
zona State University, Box 871305, Tempe, 
AZ 85287-1305; America On Line, 
ESylvester; CompuServe, 71552,3620; Inter¬ 
net, Edward.Sylvester@ASU.Edu. 


COORDINATOR: Michael! Riezenman 
CONSULTANT: Paul A. T. Wolfgang, Boeing 
Defense & Space Group 
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IEEE UNITED STATES ACTIVITIES 
ANNOUNCES ANNUAL COMPETITION FOR 
1994-95 EXECUTIVE FELLOWSHIPS 


NOTICE: lEEE-USA and its U.S. Competitiveness 
Committee are seeking candidates for Executive 
Fellowships to start in September 1994 or January 1995. 
Executive Fellows will work for one year in the U.S. 
Department of Commerce’s Technology Administration 
assisting the Under Secretary of Commerce for 
Technology. Specific responsibilities of the Fellows will 
be determined by the Under Secretary. 

PURPOSE: This program was created to make 
practical contributions to U.S. competitiveness and is 
receiving partial support from the Alfred P. Sloan 
Foundation. The program provides a resource of 
industrial experience and scientific and technical 
knowledge to key government policymakers and aims to 
broaden the perspectives of both the professional and 
governmental communities on the value of such 
interaction. 

CRITERIA: Applicants will be asked to demonstrate: 

• U.S. citizenship at the time of selection and IEEE 
membership at Member Grade or higher for at least 
four years; 

• Technical competence and senior management 


experience in industrial R&D, electronics, 
manufacturing technologies, or related issues; 

• Strong interest and experience in applying 
technical knowledge to the formulation of 
policies that enhance U.S. technological 
competitiveness; and, 

• History of service to the profession. 

Specifically excluded as selection criteria are age, race, 
gender, creed, national origin, disability, and partisan 
political affiliation. 

STIPEND: The Executive Fellowship will provide a 
stipend of $24,000 for living and moving expenses during 
the Fellowship term. Fellows, or their employers, will 
be responsible for salaries and all other expenses. 

APPLICATION: Further information and application 
forms can be obtained by telephoning Chris J. Brantley 
at (202)785-0017, or by faxing (202) 785-0835, or by 
e-mail via Internet to c.brantley@ieee.org, or by writing 
to the Secretary, Executive Fellowship Program, IEEE 
United States Activities, 1828 L Street, NW, 

Washington, DC 20036-5104. 


Applications must iae received no later than June 6,1994, to be eligible for consideration. 
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Major Upgrade on UNIX 

The new help systems, display 
features and math enhancements 
pioneered in PC Macsyma are now 
available in Macsyma on UNIX 
workstations. 

Engineers and scientists who use 
Macsyma consistently describe it as 
the most powerful and reliable soft- 


Low Price 


ware for symbolic, numeric and 
graphical mathematics. Reviewers 
agree that Macsyma's on-line help 
system is the best in the field. 

IEEE Spectrum calls Macsyma "a 
national treasure" and says: "Users 
with heavy mathematics needs 
should insist on Macsyma." 


Call 1-800-macsyma for a free demo disk today. 

A quarter century of software development is hard to beat. 


$349 / $999=^ 


ifl Macsyma 


* For PC version / most workstation versions in U.S.A. and Canada. Academic and quantity discounts are available. 

Macsyma® is a registered trademark of Macsyma Inc. UNIX® is a registered trademark of AT&T Bell Laboratories. 
Macsyma Inc. tel: 617-646-4550 l-SOO-macsyma 

20 Academy Street fax: 617-646-3161 i -800-622-7962 

Arlington MA 02174-6436 / U.S.A. 


••ll.l.l..l...l.lMlll.„.lnll 


ted from books for economy’s sake. 

Aware of these trends, and hoping to find 
a way of countering them, Edward J. Syl¬ 
vester of the Walter Cronkite School of Jour¬ 
nalism and Telecommunication at Arizona 
State University (ASU) is putting his book. 
The Healing Blade: A Tale of Neurosurgery, 
on the Internet, whence interested readers 
may download it at no cost. Published a year 
ago by Simon & Schuster, the book looks at 
the human brain through the eyes of neuro¬ 
surgeons and their patients. 

Right now, the prologue, opening chapter, 
and several graphics files are available, but 
the real purpose of the exercise, according 
to Sylvester, is to explore “...how graphics 
might be made available at little cost for 
future book buyers....’’ He hopes to have a 
cross section of interested parties attempt to 
download, view, and print personal copies of 
the graphics as he uploads them. 

Readers who use Gopher simply need to 
locate the ASU Gopher vdthin the Arizona 
gopher. Once there, they would go to Cam¬ 
pus Wide Information Services, then to Jour¬ 
nalism, then to Healing Blade. The readme 
file gives information on downloading. Alter¬ 
natively, access may be gained via Anony¬ 
mous FTP from info.asu.edu/pub/cwis/jour- 
nalism/healing_blade. 

Sylvester requests that people who have 
tried to download and read his files report 
their success (or problems) to him. Contact: 
Edward Sylvester, School of Journalism, Ari¬ 
zona State University, Box 871305, Tempe, 
AZ 85287-1305; America On Line, 
ESylvester; CompuServe, 71552,3620; Inter¬ 
net, Edward.Sylvester®ASU.Edu. 


COOHDINATOH: MichaelJ. Riezenman 
CONSULTANT: PaulA.T. Wolfgang. Boeing 
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Recent books 

Using C in Software Design. Leach, Ronald, 
Academic Press, Cambridge, Mass., 1993, 
402 pp., $39.95. 

Opticai ftansmission for the Subscriber Loop. 

Kashima, Norio, Artech Press, Norwood, 
Mass., 1993,314 pp., $75. 

Ultraciean Technoiogy Handbook, Vol. 1: 
Ullrapure Water. Ohmi, Tadahiro, Marcel 
Dekker, New York, 1993,928 pp., $195. 

Electronic Devices and Circuits Using 
MICRO-CAP II. Berube, R.H., Macmillan, 
New York, 1993,278 pp., $27. 

The QFD Book: The Team Approach to Solv¬ 
ing Problems and Satisfying Customers 
Through Quality Function Deployment. 

Guint, Lawrence R., and Praizler, Nancy C., 
Amacom, New York, 1993,124 pp., $26.95. 

Global High-Tech Marketing: An introduction 
for Technical Managers and Engineers. 

Radish, Jules E., Artech Press, Norwood, 
Mass., 1993,195 pp., $59. 

Introduction to Scanning Tunneling Micro¬ 
scopy. Chen, C. Julian, Oxford University 
Press, New York, 1993,412 pp., $65. 


Writing Disaster Recovery Plans for Tele¬ 
communications Networks and LANs, mo- 

bel, Leo A., Artech House, Norwood, Mass., 
1993,138 pp., $55. 

Logic Design Theory. Biswas, Nripendra N, 
Prentice Hall, Englewood Cliffs, N.J., 1993, 
306 pp., $59. 

Virtual Reality: Applications and Explora¬ 
tions. Wexelblat, Alan, Academic Press, 
Cambridge, Mass., 1993,245 pp., $39.95. 

Fuzzy Logic and Control. Eds. Jamshidi, 
Mohammad, et al, Prentice Hall, Englewood 
Cliffs, N.J., 1993,397 pp., $72. 

Electronic Packaging, Microelectronics, and 
Interconnection Dictionary. Harper, Charles 
A., aadMiller, Martin B., McGraw-HiU, New 
York, 1993,235 pp., $39.50. 

Robotics and Remote Systems for Hazardous 
Environments. Eds. Jamshidi, Mohammad, 
and Bicker, Patrick J., Prentice Hall, Engle¬ 
wood Cliffs, N.J, 1993,229 pp., $72. 

Digital and Analog Communication Systems, 
4th edition. Couch, Leon W. U, Macmillan, 
New York, 1993,827 pp., $67. 

Numerical Simulation of Submicron Semi¬ 


conductor Devices. Tomizawa, Kazutaka, 
Artech House, Norwood, Mass., 1993,341 pp., 
$94. 

An Introduction to Discrete Mathematics, 
Formal System Specification, and Z, 2nd edi¬ 
tion. Ince, D.C., Oxford University Press, 
New York, 1993,286 pp., $29.95. 

Development of Distributed Software Con¬ 
cepts and Tools. Shatz, Sol M., Macmillan, 
New York, 1993,209 pp., $58. 

Preventing Computer Fraud. Stem, Dana Z,., 
McGraw-Hill, New York, 1993, 294 pp., 
$39.95. 

Software Portability with Imake. DuBois, 
Paul, O’Reilly & Associates, Sebastopol, 
Calif., 1993,365 pp., $27.95. 

Interactive Computer Systems: Videotex and 
Multimedia. A/f)cr, Antone F., Plenum Press, 
New York, 1993,433 pp., $69.50. 

Digital Filtering: A Computer Laboratory Text¬ 
book. Mersereau, Russell M., and Smith, 
Mark J.T., John Wiley & Sons, New York, 
1994,224 pp., $37.95. 

Microsoft MS-DDS Programmer’s Reference, 

(Continued on p. 68D) 



IEEE UNITED STATES ACTIVITIES 
ANNOUNCES ANNUAL COMPETITION FOR 
1994-95 EXECUTIVE FELLOWSHIPS 


NOTICE: lEEE-USA and its U.S. Competitiveness 
Committee are seeking candidates for Executive 
Fellowships to start in September 1994 or January 1995. 
Executive Fellows will work for one year in the U.S. 
Department of Commerce’s Technology Administration 
assisting the Under Secretary of Commerce for 
Technology. Specific responsibilities of the Fellows will 
be determined by the Under Secretary. 

PURPOSE: This program was created to make 
practical contributions to U.S. competitiveness and is 
receiving partial support from the Alfred P. Sloan 
Foundation. The program provides a resource of 
industrial experience and scientific and technical 
knowledge to key government policymakers and aims to 
broaden the perspectives of both the professional and 
governmental communities on the value of such 
interaction. 

CRITERIA: Applicants will be asked to demonstrate: 

• U.S. citizenship at the time of selection and IEEE 
membership at Member Grade or higher for at least 
four years; 

• Technical competence and senior management 


experience in industrial R&D, electronics, 
manufacturing technologies, or related issues; 

• Strong interest and experience in applying 
technical knowledge to the formulation of 
policies that enhance U.S. technological 
competitiveness; and, 

• History of service to the profession. 

Specifically excluded as selection criteria are age, race, 
gender, creed, national origin, disability, and partisan 
political affiliation. 

STIPEND: The Executive Fellowship will provide a 
stipend of $24,000 for living and moving expenses during 
the Fellowship term. Fellows, or their employers, will 
be responsible for salaries and all other expenses. 

APPLICATION: Further information and application 
forms can be obtained by telephoning Chris J. Brantley 
at (202)785-0017, or by faxing (202) 785-0835, or by 
e-mail via Internet to c.brantley@ieee.org, or by writing 
to the Secretary, Executive Fellowship Program, IEEE 
United States Activities, 1828 L Street, NW, 

Washington, DC 20036-5104. 


Applications must be received no later than June 6,1994, to be eligible for consideration. 
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Employment opportunities 


Organizations seeking engineers and scientists describe 
their various openings in the following advertising section 

In order to conform to the Age Discrimination in Employ¬ 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,” “1-4 years maxi¬ 
mum experience,” “up to 5 years experience,” or “10 years 
maximum experience.” IEEE reserves the right to append 
to any advertisement, without specific notice to the ad¬ 
vertiser, “Experience ranges are suggested minimum re¬ 
quirements, not maximums.” IEEE assumes that, since 
advertisers have been notified of this policy in advance, 
they agree that any experience requirements, whether 


stated as ranges or otherwise, will be construed by the 
reader as minimum requirements only. While IEEE 
does not ban the use of the term “entry level,” its use is dis¬ 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad¬ 
vertising to apprise its members of opportunities. Interest¬ 
ed parties should be aware that the political and humanis¬ 
tic values of certain advertisers may differfrom their own. IEEE 
encourages employers to offer salaries that are com¬ 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


To place an advertisement in Spectrum’s Employment Opportunities section, contact the nearest Spectrum sales office 

New York Boston Chicago San Francisco Los Angeles Atlanta Dallas Denver 

212-705-7760 508-255-4014 708-446-1444 415-386-5202 310-649-3800 404-256-3800 214-553-9896 303-670-3749 

For production/mechanical information contact Theresa Fitzpatrick Advertising Production Manager, 212-705-7579 

IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


DEFENSE ACQUISITION SCHOLARSHIP PROGRAM 

SCHOLARSHIPS FOR GRADUATE STUDIES LEADING TO MASTERS DEGREES 
IN BUSINESS ADMINISTRATION. PHYSICAL SCIENCE , ENGINEERING, MANAGEMENT OF TECHNOLOGY, AND 
PUBLIC ADMINISTRATION with a concentration in SCIENCE, TECHNOLOGY, AND PUBLIC POLICY 

INTRODUCTION: The Under Secretary of Defense for Acquisition has established this Scholarship Program to 
qualify personnel for acquisition positions in the Department of Defense (DoD). 

ELIGIBILITY: Applicants must meet the following criteria: 1) be accepted for enrollment, or currently enrolled as 
a full-time student, at an accredited educational institution authorized to grant the MBA or other appropriate degree; 
2) be pursuing, or have completed an undergraduate or graduate degree in physical science, engineering, 
mathematics or business related disciplines, and have received the baccalaureate degree prior to September 1994 
with a cumulative grade point average of at least 3.0 out of 4; 3) sign an agreement to serve as a full-time civilian 
employee in an acquisition position in a DoD component (e.g. the Army, Navy, Air Force, Defense Logistics Agency 
or other Defense Agency) for one calendar year for each school year, or part of a school year, for which the student 
receives scholarship support; 4) be a U.S. citizen. 


TERMS: 1) a stipend of $15,000 will be paid for a full year (12 month) period of study, or $13,000 for a full academic 
year of study; 2) an allowance of $500 will be paid for books, equipment and supplies, and a departmental allowance 
of $1,000 will be paid to the student's academic department; 3) tuition and fees will be paid up to a maximum of 
$14,500. If sufficient funds are available, there will be no limit on tuition and fee payments. 


ACQUISITION CAREER FIELDS INCLUDE: 
Program Management 
Communications/Computer Systems 
Contracting and Purchasing 
Industriai Property Management 
Systems Pianning, Research, 
Deveiopment, and Engineering 

For information and applications contact: 

Defense Acquisition Scholarship Program 
Northeast Consortium for Engineering Education 
1101 Massachusetts Avenue 
St. Cloud, FL 34769 

Phone: (407) 892-6146 FAX: (407) 892-0406 


Test and Evaluation Engineering 
Manufacturing and Production 
Quality Assurance 
Acquisition Logistics 
Business, Cost Estimating, and 
Financial Management 
Auditing 


Application Deadline: 
March 22, 1994 
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ARE YOU 
PROUD 
OF WHAT 
YOU DO? 

If you seek software projects that involve greater challenge, 
consider joining QUALCOMM, a leader in wireless 
communications. 

QUALCOMM spearheads the advancement of Code Division 
Multiple Access (CDMA) digital technology for wireless 
applications, including the cellular. Personal Communications 
Services (PCS) and wireless local loop markets. Our 
applications also include OmniTRACS®, the world’s largest 
two-way, satellite-based mobile communications systems of 
its kind, and Globalstar, a planned 48-satellite worldwide low 
earth orbit (I£0) wreless communications system. These 
innovative projecte—and others like them at QUALCOMM— 
require software professionals who thrive on challenge. 

SOFTWARE ENGINEERS 

REAL-TIME EMBEDDED 

Design and develop operating system kernels, device 
drivers and multi-processor communications systems for 
embedded real-time cellular and PCS base station platforms 

SATELLITE SYSTEMS 

Design, develop and implement satellite telephony and 
telecommunications applications software with experience in 
high level systems design and an understanding of link 
budgets, antenna profiles and power control. 

CELLULAR PROTOCOLS 

Develop call processing and call control protocols for a 
variety of standard and proprietary networks, including 
CDMA cellular base stations communications, inter-system 
operations and telephone switch interfaces. 

TELECOMMUNICATIONS NETWORK 
MANAGEMENT SYSTEM DESIGN 

Design and develop network management systems for 
large-scale telecommunications networks with skills in Fault, 
Configuration, Performance, Security and Accounting 
Management Systems. 

MODEM 

Design and develop V series software with experience in DSP 
and implementing V.32 and V.32bis. 

DATA COMMUNICATIONS 

Design and develop data communications software which 
requires in-depth knowledge of TCP/IP and OSI. 

UNIX NETWORKING 

Design and develop UNIX device drivers, systems 
programming, TCP/IP, GUI, database and socket 
implementation using C or C++. 

QUALCOMM offers competitive salaries and 
comprehensive benefits that begin on date of hire. Please send 
your resume in ASCII text via Internet to: 
jobops@qualcomm.com You may also mail or fax your 
resume (indicate appropriate dept, code on both cover 
letter and envelope) to: QUALCOMM, Human Resources, 
Dept. lEEE/SW, 6455 Lusk Blvd., San Diego, CA 92121, fax 
(619) 658-2110. QUALCOMM is an Equal Opportunity 
Employer. 


Q iUALCOAAM 

NCORPORATED 


University of Ulm 
Germany 

The Central Institute for Biomedical Engineering at 
the University of Ulm has recently been formed. 

It consists of three departments: biosignals, bio¬ 
compatible materials, and medical systems. Colla¬ 
borative projects with medical companies are in 
progress. The interdisciplinary nature of the Insti¬ 
tute requires team work between scientists from 
such diverse specialities as engineering, physics, 
biology, chemistry, informatics, and medicine. 
Applications for the following position are invited: 

Department Head 
"Medical Systems" 

The employment contract will carry a compensa¬ 
tion package equivalent to C3 or C4. Appointment 
as Adjunct Professor (Honorarprofessor) is possible. 
The department should develop and apply new 
methods in mathematics/informatics to medical 
diagnostics and therapy: chaos theory, fractals, 
expert systems, etc. 

Qualified applicants with good German language 
skills who hold a doctorate in engineering, compu¬ 
ter science, mathematics, physics or medicine are 
invited to send within 6 weeks after publication a 
resume including a publication list to 
Jochen Edrich, Ph.D., M.D., Director 
Central Institute for Biomedical Engineering 
University of Ulm 
89069 Ulm 
Germany. 


Engineer III 

Seattle Area 

ADVANCED TECHNOLOGY LABORATORIES, a world 
leader in the design, manufacture, and sale of diagnostic 
medical ultrasound systems, is currently seeking a Senior 
System Engineer to work in our Bothell, WA facility. 
Successful candidate will be resf^ible for state-of-the- 
art ultrasound system analysis, simulation, int^ration, 
image parameters optimization and specification. A strong 
understanding of acoustic beam formation, signal process¬ 
ing theory, wave propagation theory, ultrasound scattering 
theory and some knowledge of software is essential. 
Requires a B.S. d^ree in Engineering and 7 plus years of 
related work experience, and the proven ability to work 
successfully in a team environment. An advanced degree 
is highly desirable. 

ATL offers a team-oriented environment with competitive, 
comprehensive benefits including a 401K tuition reim¬ 
bursement and salary continuation disability care. Quali¬ 
fied candidates please send resume to: Advanced 
Technology Laboratories, P.O. Box 3003,22100 
Bothell-Everett Highway, Bothell, WA 98041-3003. 
Attn: #16-P. ATL maintains a smoke-free and drug-free 
workplace. An Equal Opportunity Employer. 
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Recent books 

(Continued from p. 68A) 

2ttA edition. Microsoft Corp., Microsoft 
Press, Redmond, Wash., 1993,528 pp., $27.95. 

Higher-Order Spectra Anaiysis: A Noniinear 
Signai Processing Framework. Nikias, C.L., 
and Petropulu, Athina P., Prentice Hall, 
Englewood Cliffs, N.J., 1993,537 pp., $62. 

Stereo Computer Graphics and Other Thie 30 
Technoiogies. Ed. McAllister, David F., 
Princeton University Press, Princeton, N.J., 
1993,267 pp., $75. 

Power Eiectronics: Circuits, Oevices, and 
Appiications, 2nd edition. Rashid, Muham¬ 
mad H., Prentice Hall, Englewood Cliffs, N.J., 
1988,702 pp., $56. 

NetView: A Professional's Guide to SNA Net¬ 
work Management. Trindell, Larry D., 
McGraw-Hill, New York, 1993, 632 pp., $55. 

User Interface Software. Bass, Len, John 
Wiley & Sons, New York, 1993, 201 pp., 
$38.95. 

Electron Beam Testing Technology. Ed. 

Thong, John XL., Plenum Press, New York, 
1993,462 pp., $89.50. 


Random Signals and Systems. Pkinbono, 
Bernard, Prentice Hall, Englewood Cliffs, 
N.J., 1993,591pp., $60. 

The Elements of Technical Writing. Blake, 

Gary, and Bly, Robert W., Macmillan, New 
York, 1993,174 pp., $18. 

Running Visual Basic for Windows, 2nd edi- 
fion. Nelson, Ross, Microsoft Press, Red¬ 
mond, Wash., 1993,352 pp., $22.95. 

Compound and Josephson High-Speed De¬ 
vices. Eds. Misugi, Takahiko, and Shi- 
batomi, Akihiro, Plenum Press, New York, 
1993,306 pp., $69.50. 

Choosing and using 4 hit microcontroilers. 

McDowell, Philip, Marcel Dekker, New York, 
1993,246 pp., $69.95. 

Principles of Communications Satellites. 

Gordon, Gary D., and Morgan, Walter L., 
John Wiley & Sons, New York, 1993,533 pp., 
$69.95. 

Review of Progress in Quantitative Nonde¬ 
structive Evaluation, 12A and 12B. Eds. 
Thompson, Donald 0., and Chimenti, Dale 
E., Plenum Press, New York, 1993, two vol¬ 
umes: 1168 pp. (12A) and 2431 pp. (12B), $345 
each. 


Electro-Magnetic Interference: Reduction in 
Electronic Systems. Mills, Jeftrey P., Prentice 
Hall, Englewood Cliffs, N.J., 1993, 258 pp., 
$47. 

Quick Reference Guide: WordPerfect 6.0 IBM 

PC. Miller, Deborah /., Dictation Disc, New 
York, 1993,246 pp., $8.95. 

The EMF Controversy & Reducing Exposure 
from Magnetic Fields: ELF Magnetic Field 
Reduction from Power Utilities to Home 
Wiring. White, Don, et al.. Interference Con¬ 
trol Technologies, Gainesville, Va., 1993,181 
pp., $95. 

OSI Protocol Conformance Testing: IS 9646 
Explained. Knightson, Keith G., McGraw- 
Hill, New York, 1993,238 pp., $43. 

Multiple Access Communications: Founda¬ 
tions for Emerging Technologies, m. Abram¬ 
son, Norman, IEEE Press, Piscataway, N.J., 
1993,519 pp., $56 (member price), $69.95 (list 
price). 

Qnick Reference Guide: MS-DQS 6. Schwartz, 
Karl, Dictation Disc, New York, 1993,227 pp., 
$8.95. 

Inside Visual C -t- +: New Ways to Program 
for Windows Using the Advanced Tools in 


ISSA/NSA 

POLY 


USE YOUR “TICKETS ” 

FOR FASTER CAREER GROWTH 

Put our 27+ years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Inteliigence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALLACH 

Washington Science Center 
6101 Executive Bouievard 
Box 6016 

Rockviiie, Maryiand 20849-6016 



file Deportment of Electricoi Engineering onri Computer Science is seeking opplicotions tor focuily 
positions in eiectricoi engineering ond computer science beginning Foli 1994. Condidotes wilb reseorch 
interests in biomedicol engineering, communicotions ond softwore engineering ore encouroged to 
npply. 

The Deportment of Eiectricoi Engineering ond Computer Science consists of more thon 43 focuity 
members inciuding fuii-time, reseorch ond visibng professors. The deportment offers the BS, MS ond 
Doctoral degrees ond bos on octive ond growing reseorch program. More thon a thousond students ore 
currentiy enrolled in oil three degree programs. The School of Engineering ond Applied Science, which 
includes the deportment, offers o wide voriety of computer equipment thot is occessibie to students 
ond focuity. The school olso offers unprecedented opportunities for reseorch cooperotion with mony 
deportments in the Medicol School ond with other deportments in oreos such os Engineering 
Monogement. 

The George Woshington University is iocoted in the heort of Woshington, DC, only o few blocks 
west of the White House. Mony mojor reseorch funding ogencies ore Iocoted in close proximity to the 
campus ond there ore several other universities close by. A reseorch and groduote teaching compus, set 
in a mojor research pork in suburban Virginio neor the Wnshington-Dulles Airport, opened in September 
1991. Substontial equipment and student stipends ore available for faculty capable of establishing 
government- and industry-supported reseorch proiects ot the new compus. 

Review of opplicntions will begin by Jonuory 31, 1994 and continue until positions ore filled. 
Candidates should send a curriculum vitae, a reseorch summory ond nomes of ot leost three references. 
Professor R.J. Horrington, Choirmon 
Deportment of Electrical Engineering 
ond Computer Science 
The George Washington University 
Woshington, DC 20052 

GW is an equol opporfunity/affirmotive oction employer 


IEEE SPECTRUM MARCH 1994 

















lal C + +. Kruglinski, David 
]., Microsoft Press, Redmond, Wash., 1993, 
632 pp., $39.95. 

The Fractal Company: A Revolution in Cor¬ 
porate Culture. Wamecke, H.J., Springer-Ver- 
lag. New York, 1993,228 pp., $39. 

CICS: Capacity Planning and Performance 
Management. Keller, Ted C., McGraw-Hill, 
New York, 1993,407 pp., $40. 

Contemporary Linear Systems Using MatLab. 

Strum, Robert D., and Kirk, Donald E., PWS 
Publishing, Boston, 1994,684 pp., $34.50. 

McGraw-Hiii’s Handbook of Eiectricai Con¬ 
struction Calcuiations. McPartland, Joseph 
R, et al., McGraw-Hill, New York, 1993,454 
pp., $49.50. 

Jargon: An informal Dictionary of Computer 
Terms. Williams, Robin, et al., Peachpit 
Press, Berkeley, Calif., 1993,676 pp., $22. 


Cerutti, Daniel, and Pierson, Donna, 
McGraw-Hill, New York, 1993, 398 pp., $50. 

FDDi: A High Speed Network. Shah, Amit, 
and Ramakrishnan, G., Prentice Hall, Engle¬ 
wood Cliffs, N.J., 1994,229 pp., $55. 


Surface Emitting Semiconductor Lasers and 
Arrays. Eds. Evans, Gary A., and Hammer, 
Jacob M., Academic Press, San Diego, Calif., 
1993,505 pp., $110. 

Spice for Power Eiectronics and Eiectric 
Power. Rashid, Muhammad H., Prentice 
Hall, Englewood Cliffs, N.J., 1993, 394 pp., 
$29. 

Electric Protective Devices. Denno, Khalil, 
McGraw-Hill, New York, 1994,295 pp., $60. 

A Short History of Technology: From Ancient 
Times to A.D. 1900. Derry, T.K., and Wil¬ 
liams, Trevor L, Dover Publications, Mine- 
ola, N.Y., 1993,782 pp., $16.95. 

Journeyman’s Guide to the National Electri¬ 
cal Code 1993. Gotshaw, F Marco, Prentice 
Hall, Englewood Cliffs, N.J., 1993, 559 pp., 
$46. 

The Children’s Machine: Rethinking School 
in the Age of the Computer. Papert, Seymour, 
Harper Collins, New York, 1993, 241 pp., 
$22.50. 

Phantom Risk: Scientific Inference and the 
Law. Eds. Foster, Kenneth R., et al., MIT 
Press, Cambridge, Mass., 1993, 457 pp., 
$39.95. 


Inside OLE 2. Brockshmidt, K, Microsoft 
Press, New York, 1994,977 pp., $49.95. 

Optimal Control of Stochastic Systems. 

Bagchi, A., Prentice Hall, New York, 1993, 
335 pp., $64. 

The New Handbook for Electricians. Clifford, 
M., and Clifford, J.R., Prentice Hall, Engle¬ 
wood Cliffs, N.J., 1993,358 pp., $44. 


Pulse Width Modulated (PWM) Power Sup¬ 
plies. Quercioli, V., Elsevier Science, New 
York, 1993,310 pp., $160. 

Digital Woes: Why We Should Not Depend on 
Software. Wiener, Lauren Ruth, Addison- 
Wesley, Reading, Mass., 1993,256 pp., $19.95. 

Matched Field Processing for Underwater 
Acoustics. Tolstoy, Alexandra, World Scien¬ 
tific, River Edge, N.J., 1993,212 pp., $58. 

Modern Electronic Communication, 4th edi¬ 
tion. Miller, Gary M., Prentice Hall, Engle¬ 
wood Cliffs, N.J., 1993,626 pp., $60. 

Social Dimensions of Sysfems Engineering: 
People, Processes, Policies and Soffware 
Development. Ed. Quintas, Paul, Ellis Hor- 
wood. Kernel Hempstead, Herts., UK., a divi¬ 
sion of Simon Schuster, 1993 (paperback). 


ON THE 
OUTSIDE 
LOOKING 
IN? 

D iscover the advan¬ 
tages of belonging to 
the world's largest profes¬ 
sional technical society— 
The Institute of Electrical 
and Electronics Engineers, 
Inc. Join us! 


For a fflfflEEE Membership Information Kit use this coupon. 


City State/Country Postal Code 

Mail To; IEEE CUSTOMER SERVICE CENTER 
A The Institute of Electrical and Electronics Engineers, Inc. 

445 Hoes Lane, P.O. Box 459 
^ Piscataway,N.J. 08855-0459, USA 
1 (908) 981-1393 or 1 (800) 678-IEEE • Fax: 1 (908) 981-9667 



POWER ELECTRONICS 
ENGINEERS 
Westinghouse 

SCIENCE & TECHNOLOGY CENTER 


The Power Electronics Department at the Westinghouse 
Science & Technology Center is looking for qualified Elec¬ 
tronics Engineers who like technical challenges, want to work 
on advanced projects supported by excellent technical 
facilities, and welcome the association with internationally 
recognized colleagues. 

Top priority projects require the development of high 
power (from multi-MVA to multi-hundred-MVA) inverters 
using GTOs and IGBTs and advanced micro-processor 
based vector controls. 

We offer competitive salary commensurate with background and 
experience along with a benefits program that is among the finest 
in the industry. If you are interested in advanced power elec¬ 
tronics projects, possess a degree (BS, MS, or PhD) in Elec¬ 
trical/Electronics Engineering, and have meaningful experience 
with GTO or IGBT-based inverters and modern vector controls, 
please send your resume, in confidence, to: Ms. June S. Kerr, 
Employment & EEO Manager, Department IES-394 , 
Westinghouse Science & Technology Center, 1310 Beulah Road, 
Pittsburgh, PA 15235. 


westinghouse 


An Equal Opportunity Employer 
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Introducing the 1994 
IEEE All-Society Periodicals Package 

The core collection of quality journals and magazines in 
electrical engineering, electronics and computing... 
...subscribe today and get over one third of them free! 

In electrical engineering, a "core" is a mass of material that directs and increases 
the strength of a field. The 89 journals and magazines in IEEE's All-Society Periodicals 
Package virtually define the fields of electrical engineering, electronics, and computing. 


Our All-Society Package Brings You These Major Benefits: 



Core Collection in the Field 

IEEE pericxiicals cover every aspect of 
electrical engineering, electronics and com¬ 
puting completely and authoritatively. By 
subscribing to the All-Society Package, you'll 
maintain the core collection of your library by 
receiving the major work in the field. 

Get Over 1/3 Free 

The 1994 Package costs $9,995 for our 89 top 
periodicals. If you subscribed to each one 
individually, you'd pay $16,949. That's a 
savings of $6,954 or over one-third! 

Free 1994 Index 

With your All-Society Package you'll get 
the new 1994 two-volume Index to IEEE 
Publications — a value of over $500 — free. 

Free Subscription 

You'll also receive a free subscription to the 
IEEE's quarterly Technical Activities Guide 
(TAG) (a value of $25) listing the upcoming 
conferences in the field worldwide. 


For a free brochure or to order call: 908-981-0060 or fax: 908-981-9667 



The Institute of Electrical and Electronics Engineers, Inc. 

445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, U.S.A. 




















The IRIDIUM™"” system. 
Offering opportunity 
miles above the rest. 

The technological and professional challenges are unprecedented. 

As “no barriers" communications are being created, today, at Motorola 
Satellite Communications. 

The IRIDIUM system is a global, personal communications system 
combining sophisticated satellite and cellular technology. And Motorola 
in Phoenix, AZ is the place where it's happening, as we offer key positions 
for those with an appropriate technical degree and minimum 5-9 years 
related experience. Master's degree is highly desired. 

Advanced Systems Architects — Explore various leading edge alterna¬ 
tives through technology prototyping in mobile telecommunications and 
related support systems. Requires a broad comprehension of telecom¬ 
munications technology, OOD, reliable computing, distributed processing 
elements and RTOS concepts. Background in modern software architec¬ 
tures, standard APIs, wireless communications and telephony required. 
Operations, Administration & Maintenance (OA & M) System 
Engineers — Positions are available in: Data Communications (TCP/IP, 
X.25, Routers, LAN/WAN, Ethernet, CMISE, SNMP, SUN) • Wireless 
Switching (GSM, USDC, AMPS, Performance, Fault and Traffic Manage¬ 
ment, Billing, AMA) • Customer Interface (Provisioning, Trouble Ticket, 
X-Windows GUI, Relational Database) • GSM Base Station Systems. 
Software Deveiopment Engineers — Develop realtime software for the 
iRIDIUM^“^“ Earth Terminal Controller. Requires experience developing 
high-availability telephone or cellular radio switching ^sterns software 
and strong “C" language skills. Familiarity with GSM, C++ and OOA/ 
OOD design experience is desirable. 

Switch Data Communications Engineers — Requires experience in 
planning and development of data communications in digital cellular or 
satellite networks. Knowledge of GSM data communications services, 
GSM interworking functions and terminal adapter functions is essential. 

A background in V.110, V.32, V.32bis, ATM, LAPB and LAPD is desired. 
Switch Operations Systems Engineers — Requires experience in 
planning, systems engineering or development of switch OAM&P support 
systems and/or switch-based OAM&P subsystems. An understanding of 
the following is essential: GSM; IN capabilities; ISDN; CCS7; CCITT5/6; 
MFCR2; switch-based services. 

Switch Protocoi Engineers — Selected candidate will have experience 
in planning, systems engineering, or development of GSM signaling 
and addressing. A background with SS7, ISUP/MFCR2/A Interface, 
CCITT5/6 and Q.931/BSSAP is essential. 

Switch Test Engineers—Experience in planning/implementing switch 
testing environments, protocol conformance testing, load/stress testing, 
and switch configuration is essential. Requires knowledge of GSM sig¬ 
naling/addressing, GSM call processing, IN capabilities or switch traffic/ 
capability/reliability analysis. 

Systems integration Engineers—Requi'es experience in integration of 
high-availability telephone or cellular radio switching systems. Familiarity 
with GSM recommendations, HP37900, Catapult DCT-S, 68030,68040, 
and OOA/OOD design is desired. 

Systems integration and Test Engineers — Openings exist in hardware 
and software for both communication and telephony systems l&T. The 
software positions call for experience in large, incremental build systems 
and knowledge of C++, OO/VOOD, as well as experience with testing of 
networked computer systems. Flardware positions require knowledge of 
RF communications systems or satellite operations and control. 

With year-round recreational activities, beautiful scenery and low housing 
costs, you'll also find our Phoenix location a dream come true. To find out 
all we have to offer, including our excellent compensation and benefits, 
get in touch with us soon. 

Please mail your resume with salary history to: Professional Recruit¬ 
ment, Motorola Satellite Communications, Dept. IMSP0394,8201 E. 
McDowell Rd., Scottsdale, AZ 85252. An Affirmative Action Employer. 
Minorities, Women and Disabled Persons are strongly encouraged to 
apply. Principals only, please. 

IRIDIUM is a trademark/servioemark of Iridium, Inc. 

(g) MOTOROLA 

Satellite Communications 
Yesterday’s dream. Today’s reality. 






SIEMENS 


ENGINEERING 

OPPORTUNITY 

Seattle, WA Area 

Siemens Medical Systems, Inc., Ultrasound Group, is dedicated to 
improving the science of medicine through advances in diagnostic ultra¬ 
sound. Our state-of-the-art technology benefits patients around the world 
through more precise diagnoses. An Engineering position now exists in our 
Issaquah, WA facility. 

Senior/Staff Acoustics Engineer 
Image Analysis and Probe Integration 

Responsible for the development of new medicol diagnostic ultrasound 
transducers, including performance optimization and image quality analy¬ 
sis based upon acoustics and systems parameters. Integrates tronsducers 
into ultrasound systems. Simulate, specify and analyze transducer perfor¬ 
mance. Ph.D. in EE/Physics with at least 5 years of medical ultrasound 
systems reloted experience preferred. Medical image analysis experience 
and knowledge of human anatomy are a plus. 

We offer excellent compensation and benefits, including an immediate 
401 (k) plan. Please send your resume to; Siemens Medical Systems, 
Inc., Ultrasound Group, Human Resources, Ad #S-98, P.O. Box 
7002, Issnouoh, WA 98027-7002. We are an Equal Opportunity 
Employer ancf volue the diversity of our team members. 

Siemens Medical Systems, Inc. 

Ultrasound Group 


AT&T Bell 
Laboratories 

AT&T Bell Laboratories has the following positions 
available in its Power Systems Division located in 
Mesquite, TX, a suburb of Dallas. 

Power Electronics Engineer 

Design state-of-the-art analog electronic power 
products for use in telecomniunication and data 
systems. You will design switchmode power supplies 
for both internal customers and the commercial OEM 
market. State-of-the-art circuit design skills are 
required, along with experience in magnetics, thermal 
packaging, EMC, safety agency issues and strong 
analytical abilities. A BS, MS or PhD in Electrical 
Engineering with 5 years of experience is required. 
For consideration, send you resume to: AT&T Bell 
Laboratories, Human Resources, Dept. 69-0110-94 
3000 Skyline Drive, Mesquite, TX 75149. Only 
candidates with the required education and 
experience will be considered. 

An equal opportunity employer. 

AAlbT 

The right choice. 


ANNOUNCING 


IEEE’s New Video Subscription Plan 

Get Videotapes of IEEE’s Highly Pra 

IEEE’s best videos are now available at a specia 
will receive a videotape of each of the seven bi 
With IEEE’s Video Subscription PI 

IEEE’S VIDEO SUBSCRIPTION PLAN 
Get Key Videos Fast 

lised Satellite Broadcasts and Save 45%! 

1 package price. With this new subscription plan, you 
^oadcasts within one month of the live presentation, 
an you will save both time and money. 

ILL BRLNG YOU THESE MAJOR BENEFLTS: 

Superior Training at Low Cost 

You will automatically receive the best videos within one month 
of the original broadcast (overseas orders require 12 weeks) — 
thafs months before they are released to the general public. 
Save 45% 

For the cost of sending one person to a one-day conference, your 
organization can have as many engineers as you like view these 
videos on-site. 

World Class Presenters 

The new 1994 Video Subscription Plan costs $2,995 —■ 
thafs $2,570 off the list price of $5,565! 

Free Tape 

These quality videos feature the world’s experts on 
critical topics in computing and electronics. 

Free Preview 

Subscribe in 1994 and you can select any one of our previous 
year’s videos —a $795 value — free! 

PAL Format Available 

If you would like a preview, we can send you 
our free ten minute sample tape which 
demonstrates the high production quality of 

IEEE Videoconferences, the lively presents- 
tion, and the impressive taped footage used 
in our programs. 

’on Plan or for more information, call: 

31-0060 outside of the US) or write: IEEE Customer Service, 

355-1331. All subscriptions must be prepaid. 

IEEE Videos are available in both NTSC and PAL formats. 

To subscribe to the 1994 IEEE Video Subscripti 
IEEE Customer Service at; 1-800-678-IEEE (908-91 
^ 445 Hoes Lane, P.O, Box 1331, Piscataway, NJ 08! 
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IBM Mcroelectronics—Burlington. VT 

Nothing can put more power behind your career than PowerPC, the state-of-the-art, 
extraordinarily cost-effective RISC processor that’s exploding into the marketplace. 
And right now, IBM Microelectronics is the driving force behind the PowerPC. For 
qualified professionals determined to make an impact in one of the world’s most 
exciting ground floor opportunities, we currendy have challenging openings in: 

BUSINESS DEVELOPMENT MANAGER 

Take on the challenge of driving the marketing and sales of the PowerPC into the 
personal computer segment. In this industiy leading assignment, you’ll be 
responsible for new business development, initiating sales calls, working with our 
applications team to deliver competitive solutions for our customers, and closing 
deals. To qualify, you’ll need superior communication and presentation skills, a 
winning combination of technical expertise and sales savvy, and a recent customer 
base that includes key PC companies and motherboard manufachirers. 

PRODUCT MARKETING MANAGER 

Working in a team-oriented environment and directing the acdvities of a support 
staff, you will provide product marketing for PowerPC microprocessors. Experience 
is required in product positioning, product launch planning, advertising, promotion, 
etc. A BSEE, MBA or equivalent and 5+ years experience in the microprocessor or PC 
systems business are required. 

APPUCATIONS ENGINEER 

The driven professional will feel comfortable in a “rapid response’’ environment, 
drawing from a pool of both engineers and programmers to develop optimal 
engineering and customer solutions. Applicants must have a BSEE degree or higher, 
with an emphasis on computer architecture. You must have 5+ years experience in 
the development of system-level solutions with state-of-the-art microprocessors, have 
a solid understanding of RISC processors, and have a background that includes CISC 
exposure. 

HARDWARE & SOFTWARE DEVELOPMENT ENGINEER 

Become a key player in this exciting new field developing an integrated tool 
environment that will enable PowerPC ISV developers, 0/S developers and 
hardware developers. To qualify, you’ll need a BSEE or BSCS/Engineering degree 
along with 5+ years of success in software and/or system development with 
microprocessors. Your background must include substantial achievement in the 
following areas: Compilers, Operating Systems, architectural simulators and timers, 
hardware bringup environments, branding & compliance testing and ISV 
enablement. Technical breadth and leadership skills are essential. 

Each of the above opportunities offers very competitive compensation, and superior 
benefits. For immediate consideration, please forward your resume, in confidence, 
to: Employment Solutions, P.O. Box 8441, Essex Junction, VT 05451. Attn: Leslie F. 
Gates. Please reference #IBMPLBZ03 in your correspondence. We are an equal 
opportunity employer. 


Biomedical Engineering 
Opportunities CREAREiNc..isan 

engineering service 
company internationally known for 
analysis, design, experimental, computa¬ 
tional, product and consulting services to 
industry and government. We are currently 
seeking engineers in Biomedical Engineer¬ 
ing as well as, Fluid Dynamics, Acoustics, 
Heat Transfer, Engineering Simulation, 
Data Acquisition & Analysis. Current 
projects in the bioengineering area in¬ 
clude: biomedical imaging, tissue charac¬ 
terization, and biomedical acoustics. 
Applicants should have an outstanding 
record of academic achievement as well 
as, the ability to direct projects and 
develop business. Graduate degrees 
preferred, but will consider BS with 
equivalent experience. We also accept 
applications from doctoral/MS candidates 
who will graduate during the coming year. 
Creare engineers work in small project 
teams on a multiplicity of highly challeng¬ 
ing technical projects that can last a few 
months to a few years. We are a high-tech, 
entrepreneurial firm offering a stimulating 
work environment in a quality living 
environment. The Hanover area offers a 
wide diversity of recreational opportuni¬ 
ties, a nationally recognized school 
system, and the cultural and intellectual 
stimulation associated with a college town 
and a major research medical center. Send 
retumes to Recruiting Dept., Creare Inc., 
P.O. Box 71, Hanover, NH 03755. 




Product Engineering 
AS A Process 


Thursday, September 30, 1993 


Presented by Marv Patterson, HP; 
Sam Keene, IBM; and Don Reinertsen, 
Reinertsen & Associates 


In todays tough market, it is not 
enough to meet customer require¬ 
ments, you must anticipate customer 
needs and expectations. This live, 
interactive videoconference will 
examine, and graphically represent, 
ways to re-engineer and improve the 
process through: 


♦ documentation ♦ research 

♦ streamlining ♦ innovation 

Available at per person prices to $100 
and site prices to $1800. 
Volume discounts available. 



IEEE 


Contact Judy Brady at IEEE 
for more information 

(908) 562-3991. 

fex (908) 981-8062. e-mail 

INTERN ET;j.brady@IEEE.org. 
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For Engineers 
who Excel. 


DADiSP combines more than 500 functions for displaying and 
analyzing your type of data with the power and flexibility of a 
spreadsheet. Construct sophisticated data analysis in windows, 
in seconds, at a new level of price/performance. 

Now Data Analysis is as 
easy as pushing a button. 

No more fumbling with business software. And no need to 
learn a new programming language. Justpomt and click 
and DADiSP displays your results immediately. Load 
a new data series, matrix, signal or image, and all 
cells update automatically. 


Extended features tackle your 
toughest Data Analysis problems. 

With DADiSP, you can build an endless number of new work¬ 
sheets and even your ovm custom menus. And DADiSP/DDE 
let’s you run external software—IEEE 488 drivers, data 
acquisition software, even your own analysis programs. 

Call today: 1-800-777-5151 

for your Free DADiSP Trial Kit. DADiSP is available for SUN, 
HP, IBM, NeXT, DEC, Concurrent, and Silicon Graphics work 
DSP and of course, IBM PC compatibles. 



One Kendall Square Cambridge, MA 02139 
Phone 617-577-1133, FAX 617-677-8211 

DADiSF/WIndows 
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Calendar 

(Continued from p. 14) 


APRIL 


Second International Conference on 
Ultra-Wideband, Short-Pulse Electro¬ 
magnetics (MTT); April 5-7; Weber 
Research Institute, Polytechnic University, 
Brooklyn, N.Y.; Lawrence Carin, Polytech¬ 
nic University, 333 Jay St.. Brooklyn, NY; 718- 
260-3600; fax, 718-260-3136. 

Southeastcon ’94 (Region 3, et al.); April 
10-13; Hyatt Regency Hotel, Miami, Fla.; 
Osama A. Mohammed, Department of Elec¬ 
trical Engineering, Florida International Uni¬ 
versity, University Park Campus, Miami, FL 
33199; 305-348-3040; fax, 305-348-3707. 

Workshop on FPGAs for Custom Com¬ 
puting Machines (C); April 10-13; Shera¬ 
ton Inn at Napa Valley, California; Kenneth 
L. Pocek, Intel Corp., MS RNG-18,2200 Mis¬ 
sion College Rd., Box 58119, Santa Clara, CA 
95052; 408-765-6705; 408-765-5165; e-mail, 
kpocek@sc.intel.com. 

Transmission and Distributed Confer¬ 
ence and Exhibition (PE, Chicago Sec¬ 
tion); April 10-15; McCormick Place, Chi¬ 


cago; John J. Viera, Commonwealth Edison, 
Box 767, Chicago, IL 60690; 312-294-3333. 

International Reliability Physics Sym¬ 
posium (ED, R); April 11-14; Fairmont 
Hotel, San Jose, Calif.; Richard Bhsh, Intel 
Corp., 5000 W. Chandler Blvd., Chandler, AZ 
85226; 602-554-4127; fax, 602-554-6098. 

Third Maghrebian Conference on Soft¬ 
ware Engineering and Artificial Intel¬ 
ligence (C); April 11-14; Hyatt Regency 
Hotel, Rabat-Agdal, Morocco; IEEE Com¬ 
puter Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, DC 
20036-1992; 202-371-1013; fax, 202-728-0884. 

Position, Location and Navigation Sym¬ 
posium—Plans ’94 (AES); April 11-15; 
Bally’s Hotel, Las Vegas, Nev.; Michael Had- 
field, 12449 84± Way N., Largo, FL 34643; 
813-531-5715. 

12th European Photovoltaic Solar 
Energy Conference and Exhibition— 
PSEC (ED); April 11-15; RAI Congress Cen¬ 
tre Amsterdam, the Netherlands; Heinz 
Ehmann/Andrea Zepf, WIP - Munich, Sylver- 
stinstr. 2, D-81369, Munich, Germany; 
(49^89) 72012 32,; fax, (49+89) 72012 91. 

13th Annual International Phoenix 


Conference on Computers and Com¬ 
munications (C, COM); April 12-15; YWCA 
U.S. Leadership Development Center, Phoe¬ 
nix, Ariz.; Lana Ruch, American Express, 
10030 N. 25th Ave., Phoenix, AZ 85021; 602- 
548-6025; fax, 602-548-6060. 

Third International Conference and 
Exhibition on Multichip Modules (CPMT); 
April 13-15; Currigan Exhibition Hall, Den¬ 
ver, Colo.; Richard Breck, ISHM, 1850 Cen¬ 
tennial Park Dr., Suite 105, Reston, VA 22091; 
800-535-4746, ext. 230; fax, 703-758-1066. 

International Symposium on Speech, 
Image Processing and Neimal Networks 
(SP, Hong Kong Section); April 14-16; Hong 
Kong Convention and Exhibition Centre; 
Chorkin Chan, Department of CS, University 
of Hong Kong, Hong Kong; (8+52) 859 7075; 
fax, (8+52) 559 8447; e-mail, cchan® 
csd.hku.hk. 

21st International Symposixun on Com¬ 
puter Architecture (C); April 18-21; The 
Westin Hotel, Chicago; IEEE Computer Soci¬ 
ety, Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, DC 20036- 
1992; 202-371-1013; fax, 202-728-0884. 

International Conference on Require- 

(Continued onp. 76) 


Author of the widely acclaimed 
"Reflections" column in Spectrum 
magazine, Bob Lucky provides a 
humorous, nostalgic collection of 
ten years worth of his own 
reflections on typical situations 
engineers encounter during their 
careers. Spiced with 20% new 
anecdotes and personal 
experiences, LLICKY 
STRIKES..AGAIN takes good- 
natured gibes at corporate 
bureaucrats while offering some 
not-so-subtle advice on ways to 
circumvent the red tape and gives 
bureaucrats hints on when to look 
the other way. 


'You don't have to be an engineer to have fun 
(Bob Lucky) makes me laugh again and again." 

— Bill Moyers 

"Bob Lucky has very deftly put into words the 
feelings of thousands of engineers. Lucky 
Strikes...Again treats with humor and 
compassion our daily struggles and triumphs" 

— Don Christiansen 


To order LIXTKY STRIKES JLGAN (PC0330-1-PDW) 
please phone 1-800-678-IES (in USA)/ 
1-908-9810060 outside. 

IEEE members pay $26.50 • Nonmembers pay $32.95 


Research Toolkit 



mobile platforms 


Setting the standard for 
■ ” ^ mobile robotics worldwide. 
Transitions Research Corporation 

Shelter Rock Lane • Danbury, Connecticut 06810-8159 • USA 
Voice: -t-1 (203) 798-8988 • Fax: (203) 791 -1082 

email: lob@trc.com 
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PRODUCT PROFILES 


The Product Profiles advertising section provides a 
monthly, distinctive focus on both new and 
commercially established products and services 
that offer practical solutions for engineering and 
scientific professionals in today's fast-paced, 
rapidly changing high-tech environment. 

Circle the corresponding number 
on the Reader Service Card. 


16 Bit Control 


& Data Acquisition System 



Powerful, 
Easy to use, 
Tons of Memory, 
I/O & features: 

□ "Ccompller/llbrary 

□ FLASH memory 

□ Multi Tasking Kernel 


bilities than any other microcontroller in i 

INTEC INOVENTURES INC. 





Q u i c k F i e I d ™ 

Ultimate Simulation 
Tool for Electrical & 
Mechanical Devices 


Ideal tor designing motors, solenoids, disk 
drives, permanent magnets, transmission 
lines and other electromechanical devices . 
Unparalleled efficiency, model and solve your 
complex design problem In minutes on a PC. 
Ultimate In user-friendllness, start modeling 
your problems within hours without training. 
Sophisticated pre-processor, DXF translator, 
transparent meshing. 

Powerful post-processing calculator: fluxes, 
forces, torques. Inductances, capacitances... 
Multi-field coupling, run thermal and stress 
analyses on your EM models. 

Incredibly low prices. 

Call for 1 month evaluation copy. 

'^^f^Tera Analysis 

Tel: (818) 831-9662 FAX: (310) 578-7262 
Circle no. 53 


ProtoSim" 







Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. This new version contains Bode 
and Nyquist analysis, FFT, selectable time 
bases, digital filter simulation capability, fast 
signal convolution, and more. Used by 
Industry and universities for the rapid design 
and simulation of systems and components. 

Ver 1.1 Introductory Price $ 149 

Systems Engineering Associates Inc. 

(802) 223-6194 
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History of International 
Broadcasting $59.00 

The origin and growth of information 
broadcasting (chiefly of propaganda) by radio - 
most renowned for its prominence in World War 
II and the Cold War is outlined. The author 
chronicles the technological and engineering 
achievements that enabled long-range 
broadcasting to develop, but keeps them in the 
context of the social and political environment of 
the day. The appeal of the book is by no means 
restricted to scientists and engineers and many 
will find much to stir their own memories of 
international radio broadcasts in wartime and 
peacetime alike. 264 pp., casebound, ISBN O 
86341 282 5 1992 

lEE/INSPEC, IEEE 
Service Center 
445 Hoes Lane, 

Piscataway, NJ 08855-1331 
Phone: (908} 562-5553 
FAX; (908) 981-0027 


lEE 


Analogue-digital 

ASICs: 

circuit techniques, design tools 
and applications $94.00 

RS. Soin, F. Malaberti and J. Franca (Eds.) 

This book comprises eighteen chapters arrangeii 
in four sections: Processing Technology; Circuit 
Techniques and Building Blocks: Design 
Applications: and CAD Supporting Tools. 

431pp., 229X 148mm, Casebound ISBN 0 88341 
2599,1991 Circuits and Systems Series if 3 
Call or Write for our FREE Publications 


IEE/INSPEC, IEEE 
Service Center 

445 Hoes Lane, 

Piscataway, NJ 08855-1331 
Phone: (908) 562-5553 
FAX: (908) 981-0027 

ALL MAJOR CREDIT CARDS ACCEPTED 


lEE 
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1QQ/I Pubications and 
I J JT' Information 

Services Catalog 
INSPEC and the lEE combine their 
catalog— 

INSPEC Publications and Services, Abstracts 
Journals, Online Database, Tape Services, CD- 
ROM, lEEE/IEE Periodicals Onciisc (IP0)-are 
featured along with the Books, Conference 
Proceedings, Professional Journals and Distance 
Learning (Video and CBT) materials of The 
Institution of Electrical Engineers (lEE). 

Call or Write for our FREE Publications 
Catalog! iee/inspec, ieee 

Service Center 

445 Hoes Lane, 

Piscataway, NJ 08855-1331 
T-pi-pi Phone:(908)562-5553 

iJljJlj FAX: (908) 981-0027 

ALL MAJOR CREDIT CARDS ACCEPTED 
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RS232 Direct Into 
Any PC Program 



Read Real-Time Data from Any Serial Device 
into Any Application-Lotus, dBASE, Excel, etc.. 
Full 2-way I/O with many advanced features. 

No Hardware or Programming Required! 



Your Ad Here! 


YOUR HEADLINE 

This area may be used by advertisers to 
detail their ad message in 50 words or 
less. Just provide typed copy with appro¬ 
priate direction for emphasis (bold, 
underscore, etc.) we’ll do the rest. Be 
sure to include repros of your company 
logo, etc. Indicate if you wish us to set 
addresses, phone #, etc. For rates and 
production information, phone 212-705- 
7579. 

COMPANY NAME/LOGO HERE 

Mailing Address/Phone 
AD SIZE: 2'/." X 3" 


This latest book in the EMIS Datareview Series from 
INSPEC is tailored to help those who study, process 
or use Indium Phosphide. It represents the coordinat¬ 
ed expertise of 65 front-line researchers from Europe, 
the USA and Japan, and its 133 specialized surveys 
(Datareviews) provide a useful review and consolida¬ 
tion of R&D on this vitally important substance. 

As well as covering the binary compound (InP) in 
depth, the book will include a comprehensive chapter 
on the compound alloy Indium Gallium Arsenide 
Phosphide, as well as chapters on: 

■ Basic Physical Properties • Resistivity * Carrier Concen¬ 
tration and Ionization Rates • Electron Mobility, Diffusion 
and Lifetime • Band Structure • Optical Functions • IR Ab¬ 
sorption and Impurity Energy Levels • Photoluminescence, 
Raman and Reflection Spectra • Photoconductivity • De¬ 
fects, Deep Levels and Their Detection • Diffusion of Im¬ 
purities • Surface Structure and Oxidation • Ion Implanta¬ 
tion • InGaAs and InGaAsP: Miscellaneous Properties • 


IEEE Service Center, INSPEC Dept. 

445 Hoes Lane, Piscataway, NJ 08855-1331 
»hone: (90^) 562-5553 Fax: (908) 981 -0027 


PC Based T1/E1 Analysis 



• Full/Fractional T1/E1 BERT and Monitor 

• Visual Display of Waveforms 

• Record & Playback Full/Fractional Data 

• VF Measurement and Test 

• DTMF/MF Tone and Signalling Analysis 

• Call Loading Simulation 

• Monitor 8 Tl’s using MultiTI Card 

• Remotable Control and Screen 

• Programmer's Guide for Customization 

GL Communications, Inc. 

841-F Quince Orchard Blvd, Gaithersburg MD 20878. 

Tel: (301 )670-4784 Fax: (301 )926-8234 
Circle no. 59 


ICASS^94 Proceedings 


•All papers storedMfi.J^F image format 
(at 300dpi), which is reatlabie by 
popular desktop publishing software 
running on IBMor Mac, 

•ASCII Titles and abstracts stored on 
the CD-ROM for convenient searching. 

AUS$34.95 plus shipping 

(AUS$1 is approximately US$0.67) 

Shipping costs AUS$7.00 for the first disk, 
and AUS$4.00 for each additlonai disk. 


PO Box 100, Rundle Mr 
South Australia 5000 
Tel 61-8-303-5460 
Fax 61-8-303-4367 
Circle no. 61 



PLC™ above is 2"x3'' and $195), these controllers are pro¬ 
grammed with our easy-to-use Dynamic C™ development 
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Pr ogram notes 


Basic re-re-re-renovation 

Programming in Basic is like living in a house 
under continuous renovation. During its 
three decades, Basic has changed its floor 
plan at least four times. Built as a teaching 
language, it was expanded to hobbyist status, 
and then enlarged into a full-featured pro¬ 
cedural language. In its latest remodeling, it 
is struggling to find a role in the world of 
graphical operating environments. 

Developing a Basic compiler for Windows 
is much harder than developing one for older 
operating systems like DOS, Unix, or VMS. 
Basic is designed to execute one procedure 
(a function or subroutine) after another until 
the program is finished. Windows is a mes¬ 
sage-driven operating environment with 
messages being generated by external 
events, by changes in the operating system’s 
status, and even by changes in ±e status of 
other programs. 

After receiving a message, the operating 
system and other programs act on it and then 
wait for another message. To facilitate this 
process, Windows programming languages 


must simplify the writing of programs that 
respond to messages from hardware, the 
operating system, and other programs. 

Compiler developers are taking two ap¬ 
proaches to Basic for Windows. Some use 
only the Windows message-driven program¬ 
ming technique. For instance, Microsoft 
Corp. has chosen to develop the easy-to-use 
Visual Basic. Yet even with this compiler’s 
help, the best procedural programmers will 
at first find writing for Windows difficult, 
because they must svntch mental gears from 
procedure- to message-driven techniques. 

The second approach mixes procedural 
and message-driven programming tech¬ 
niques. For example. Computer Associates 
(CA) has designed a handy compiler that is 
partly message-driven but mostly proce¬ 
dural. Even novice procedural programmers 
vwU be able to write code for the CA-Realizer, 
but they must rely on ±is compiler to sup¬ 
ply many tools that a Visual Basic program¬ 
mer would create. Non-Windovre program¬ 
mers may use CA-Realizer to develop 
occasional programs, though they will learn 
little about Windows. They can use it, too. 


to create programs for OS/2. 

Both Microsoft and CA are also pushing 
their versions, or dialects, of Basic as Win¬ 
dows macro languages. Microsoft is con¬ 
verting all its Windows applications to a sub¬ 
set of Visual Basic, called Visual Basic 
Application Edition, but the company has no 
plans to make its macro language tools avail¬ 
able to other programmers. CA, on the other 
hand, is offering a subset of CA-Realizer, 
called CA-Cable, as a macro language that 
developers of both Windows and OS/2 pro¬ 
grams can license; they may find it a conve¬ 
nient shortcut for getting programs with 
macro languages to market. Contacts: 
Microsoft Corp., 1 Microsoft Way, Redmond, 
WA 98052-6399; 206-882-8080; or circle 
100; and Computer Associates International 
Inc., 1 Computer Associates Plaza, Islandia, 
NY11788; 800-225-5224; or circle 101 


Could it be...Satan? 

Education and the widespread use of detec¬ 
tion software have made traditional computer 
viruses, like Stoned and Michelangelo, a mere 
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Build your own Neural Net! 
and Expert System! 

EASY NEURAL NETWORKS 
Fastest way to quickly learn about 
this fascinating new technology - 
includes a working Neural Network 
you can train! $59 

EASY EXPERT SYSTEMS 


Build your own Expert System in about 
one week! Includes 40-Page Knowledge 
Engineering Manual, Quick Ref Card 
for quick start, and powerful Stock 
Market Expert System! $69 4=*** 


BOTH $99 + I 
and FREE Tal 
+ Order n 
of talking PC Therapist - usually $64.95 
LEARN BEST BY DOING! 

Please 


THINKING SOFTWARE, INC. 
46-16 65TH PLA( 

WOODSIDE, N.Y. 11377 I 




















































nuisance. But now a new generation may be 
much more, well, virulent. 

Take the Satan Bug, a stealth virus that 
is network aware. As a stealth virus, it can 
defeat the two traditional methods for avoid¬ 
ing viruses: string and pattern detection. In 
string detection, anti-virus programs search 
files for common message strings used by 
viruses—like “Cookie” or “Get stoned”. Pro¬ 
grams using pattern detection are made to 
scan files for bit patterns associated with 
common viruses. 

Stealth viruses avoid both detection meth¬ 
ods by encrypting all message strings and 
by slightly modifying every new copy of the 
virus; the latter characteristic is called poly¬ 
morphism [“Threats and countermeasures,” 
t IEEE Spectrum, August 1992, pp. 21-28]. 

Obviously, this type of virus poses a seri¬ 
ous threat, requiring more effort to detect 
than the garden-variety virus. What can be 
done to restrain such an antagonist? While 
programmers may be unable to prevent what 
they write from being infected, they can still 
indicate whether or not an infection has 
occurred. 

A shareware program that generates the 
necessary information is McAffee & Asso¬ 
ciates’ Validate. Authors and publishers of 
software may use Validate’s two discrete 
methods to calculate cyclic redundancy 
checks (CRCs) for their offerings, and then 


list the valid numbers in a README.TXT file 
shipped with the software. 

lA^en a supplier protects a program in this 
manner, its users can also employ Validate to 
generate CRCs for the copy currently on 
their systems. Comparing the numbers the 
CRCs produce with those from the 
README.TXT file can show whether the copy 
has been altered: any difference means a 
problem. 

To learn more about computer viruses, 
read Patricia Hoffman’s “VSUM,” an IBM- 
compatible PC hypertext document that 
describes over 1000 viruses in detail. A copy 
may be down-loaded for brief evaluation from 
the McAffee & Associates’ bulletin-board 
system. Contact: McAffee & Associates, 4423 
Cheeney St., Santa Clara, CA 95054; 408- 
988-3832 (bulletin-board system: 408-988- 
4004); or circle 102; and Patricia M. Hoff¬ 
man, 3333 Bowers Ave., Suite 130, Santa 
Clara, CA 95054; 408-988-3773; or circle 
103. 


Part-time programming shortcut 

Software vendors are now pushing a two- 
layer strategy that divides the programming 
world into two hemispheres: module (object) 
suppliers, and solution (application) builders. 
The former are hard-core programmers 
who use sophisticated tools to create linkable 


modules or objects. The latter are the part- 
timers who work with uncomplicated soft¬ 
ware tools to build an application outline by 
linking modules or objects. 

With their support of dynamic link 
libraries (DLLs), both Wmdows and OS/2 are 
well suited to this division of labor. A com¬ 
ponent supplier can produce DLLs, which 
must be written in a sophisticated program¬ 
ming language like (3++. An application 
builder can use the DLLs as part of a new 
application created by an easy-to-use lan¬ 
guage without having to worry about wbat 
is in them. 

A good example of how this approach can 
work is Crystal Computer Services’ Crystal 
Reports 2.0, a Windows-based report writer 
that contains a DLL. Using Visual Basic or 
Turbo Pascal, application builders may call on 
any or all of the functions in the report 
writer’s Report Engine DLL when they want 
to add professional-looking reports to appli¬ 
cations. Contact: Crystal Computer Services, 
1050 W. Pender St, Suite 2200, Vancouver, 
BC, Canada V6E 3S; 604-681-2934; or cir¬ 
cle 104. 


CONTRIBUTOR: John R. Hines is a silicon sensor 
engineer at Honeywell Inc. 's Micro Switch 
Division, Richardson, Texas. 

CONSULTANT: Bruce Mather, Southwest Research 
Institute. 



Tke tkeory kekinJ our new electronic component Jatakase. 




Tke D.A.T.A. Parametric Access Likrary — D.A.T.A./P/A/IV™ In a word, it’s fast. In fact, it’s tke 
fastest, easiest to use semiconductor datakase availakle. And it’s tke most affordakle. For just 
$1,930 you get 1.25 mill ion ICs and discrete semiconductors from more tkan 1,000 manufacturers 
n a single disc. Or, sidjscrike to just tke categories y ou need for only $295 per category. It ’s also 
availakle for use on any DOS network. For tke most complete information on components availakle, call 
800-447-4666 today. Because tkere isn’t a minute to waste. 
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ments Engineering (C); April 18-22; 
Broadmoor Hotel, Colorado Springs, Colo.; 
IEEE Computer Society, Conference Depart¬ 
ment, 1730 Massachusetts Ave., N.W., Wash¬ 
ington, DC 20036-1992; 202-371-1013; fax, 
202-728-0884. 

International Symposium on Theoreti¬ 
cal Aspects of Computer Software (C); 
April 19-21; Tohoku University, Sendai, 
Japan; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., N.W., 
Washington, DC 20036-1992; 202-371-1013; 
fax, 202-728-0884. 

International Conference on Acoustics, 
Speech rmd Signal Processing (SP); April 
19-22; Adelaide Convention Center, South 
Australia; Phil Plevin, Plevin & Associates 
Pty., Box 54, Burnside 5066, South Australia; 
(61-^8) 379 8222; fax, (61-1-8) 379 8177. 

Southwest Symposium on Image Analy¬ 
sis and Interpretation (SP, Dallas Section); 
April 21-22; Grand Kempinski Hotel, Dal¬ 
las; Alireza Khotanzad, Southern Methodist 
University; 214-768-3101; fax, 214-768-3883; 
e-mail, kha@seas,smu.edu; or Nasser Keh- 
tarnavaz, Texas A&M University; 409-845- 
8371; fax, 409-845-6259; e-mail, kehtar® 
ee.tamu.edu. 

Rural Electric Power Conference (lA); 
April 24-26; Sheraton Colorado Springs 
Hotel, Colorado; Donald E. Werner, Omaha 
Public Power District, 444 South 16th St. 
Mall, Omaha, NE 68102-2247; 402-636-2585. 

International Workshop on Computer- 
Aided Modeling, Analysis, and Design of 
Communication Links and Networks— 
Camad ’94 (COM); April 24-27; Princeton 
Marriott Hotel, New Jersey; Benjamin 
Melamed, NEC USA Inc., 4 Independence 
Way, Princeton, NJ 08540; 609-951-2450; fax, 
609-951-2499. 

ACM Conference on Human Factors in 
Computer Systems (C); April 24-28; 
Hynes Convention Center, Boston; IEEE 
Computer Society, Conference Department, 
1730 Massachusetts Ave., N.W, Washington, 
DC 20036-1992; 202-371-1013; fax, 202-728- 
0884. 

VLSI Test Symposium (C, Philadelphia 
Section); April 25-28; Cherry Hill Hyatt 
Hotel, New Jersey; Prab Varma, Crosscheck 
Technology, 2833 Junction Ave., San Jose, CA 
95134; 408-432-9200; fax, 408-432-0907; e- 
mail, prab@crosscheck.com. 

44th Electronic Components and Tech¬ 
nology Conference—ECTC ’94 (CHMT); 
April 30-May 5; Washington Hilton Hotel, 


D.C.; James Bruorton, Kernet Electronics, 
Box 5928, Greenville, SC 29606; 803-963- 
6621; fax, 803-963-6521. 


MAY 


Custom Integrated Circuits Confer¬ 
ence—CICC ’94 (ED, SSC); May 1-4; Town 
& Country Hotel, San Diego, Calif.; Melissa 
Widerkehr, Widerkehr and Associates, Suite 
610, 1545 18th St., N.W., Washington, DC 
20036; 202-986-2166; fax, 202-986-1139. 

Industrial and Commercial Power Sys¬ 
tems Technical Conference—I&CPS 
(lA, Orange City); May 1-5; Radisson Plaza 
Hotel, Irvine, Calif.; Farrokh Shokooh, Elec¬ 
trical Engineering Operation Tech. Inc., 
C.O.A., 17870 Skypark Circle, Suite 102, 
Irvine, CA 92714; 714-476-8117. 

International Conference on Commu¬ 
nications—I(X Supercomm ’94 (COM); 
May 1-5; Ernest N. Mortal Convention Cen¬ 
ter, New Orleans, La.; Eddie Sawaya, South 
Central Bell Telephone Co., 365 Canal St., 
Room 710, New Orleans, LA 70140; 504-528- 
2673; fax, 504-528-7170. 

International Symposium on Electron¬ 
ics and the Environment (TAB); May 2-4; 
San Francisco; Conference Registrar, IEEE 
Technical Activities, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3878; fax, 908-562-1571. 

Offshore Technology Conference— 
OTC ’94 (OE); May 2-5; Astrodomain Com¬ 
plex, Houston, Texas; Deborah Wheeler, Box 
833868, Richardson, TX 75083-3868; 214- 
952-9494; fax, 214-952-9435. 

Conference on Lasers and Electro- 
Optics and the International Electron¬ 
ics Conference—CLEO/IQEC (LEO); 
May 8-13; Anaheim Convention Center, Cal¬ 
ifornia; lEEE/LEOS, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3893; fax, 908-562-1571. 

International Conference on Robotics 
and Automation (RA); May 8-13; San 
Diego Princess Resort, California; Harry 
Hayman, Box 3216, Silver Spring, MD 20918; 
301-236-5621; fax, 301-236-562L 

Electro ’94 (Region 1, et al); May 10-12; 
Hynes Convention Center, Boston; Sharon 
Schifano, Miller Freeman Inc., 13760 Noel 
Rd., Suite 500, Dallas, TX 75240; 800-527- 
0207; fax, 214-419-7915. 

Instrumentation and Measurement 
Technology Conference—IMTC ’94 
(IM); May 10-12; Grand Hotel Hamamatsu, 
Japan; Robert Myers, Myers/Smith Inc., 
36^ Motor Ave., Suite 240, Los Angeles, CA 


90034-5750; 310-287-1463; fax, 310-287-185L 

International Workshop on Networked 
Reality in Telecommunication (COM); 
May 13-14; NTT Media Laboratory, Tokyo; 
Yoshinobu Tonomura, 1-2356, Take, Yoko¬ 
suka, Kanagawa 238-03, Japan; (81+468) 59 
3112; fax, (81+468) 59 2829. 

International Conference on Computer 
Languages—ICCL ’94 (C); May 16-19; 
University Paul Sabatier, Toulouse, France; 
IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., N.W., 
Washington, DC 20036-1992; 202-371-1013; 
fax, 202-728-0884. 

Microwave and Millimeter-Wave Mono¬ 
lithic Circuits Symposium (ED); May 
23-24; San Diego Convention Center, Cali¬ 
fornia; Richard B. Gold, Pacific MonoUthics, 
245 Santa Ana Court, Sunnyvale, CA 94086- 
4512; 408-732-8000; fax, 408-732-3413. 

Intelligent Networks Workshop—IN 
’94 (COM); May 24-26; Penta Hotel, Hei¬ 
delberg, Germany; John Visser, Bell North¬ 
ern Research, Box 3511, Station C, Ottawa, 
ON, KiY 4H7, Canada; 613-763-7028; fax, 613- 
763-3585. 

Interaatiomd Microwave Symposiiun— 
MTT ’94 (MTT); May 24-26; San Diego 
Convention Center, California; Mario Maury, 
8610 Helms Ave., Cucamonga, CA 91730; 714- 
987-4715. 

International Symposium on Atomic 
Layer Epitaxy and Related Surface 
Processes (ED); May 25-27; Sendai Memo¬ 
rial Hall, Miyagi Prefecture, Japan; A. Kouk- 
itu. Secretary, ALE-3, Faculty of Technology, 
Tokyo University of Agriculture and Tech¬ 
nology, Koganei, Tokyo 184, Japan; (81+423) 
814221, ext. 336; fax, (81+ 423) 86 3002. 

International Symposium on Industrial 
Electronics—ISIE ’94 (IE); May 25-27; 
Catholic University of Chile, Santiago; Juan 
R. Pimentel, Universidad de Politecnica de 
Madrid, Disam, Jose Gutierrez Abascal 2, 
28006 Madrid, Spain; (34+D 5616989; fax, 
(34+D564296L 


IEEE members attend more than 5000 IEEE 
professional meetings, conferences, and con¬ 
ventions held throughout the world each year. For 
more information on any meeting in this guide, 
write or call the listed meeting contact, 
Information is also available from: Conference 
Services Department, IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, NJ 80055; 
908-562-3878; submit conferences for listing to: 
Ramona Foster, IEEE Spectrum, 345 E. 47th St., 
New York, NY 10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 
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CLASSIF/ED EMPLOYMENT OPPORTUNITIES 


The following listings of interest to IEEE memtDers have 
been placed by educational, goverment, and industrial 
organizations as well as by individuals seeking posi¬ 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga¬ 
zine, Classified Employment Opportunities Department, 
345 E, 47th St., NewYork,N,Y. 10017. 

ADVERTISING RATES 

Positions open— $40.00 per line, not agency- 
commissionable 

Positions wanted— $40.00 per line, a 50% dis¬ 
count for IEEE members who supply their member¬ 
ship numbers with advertising copy. 

All classified advertising copy must be received by 
the 25th of the month, two months preceding the date 
of issue. No telephone orders accepted. For further 
information call 212-705-7578. 

IEEE encourages employers to offer salaries that are 
competitive, but occasional ly a saslary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


Academic positions open 


Applications are being accepted for a ’ 


tromagnetics, including remote sensing, commu¬ 
nications and opto-electronics, although outstand¬ 
ing candidates in other EE areas may be 
considered. Applicants must have a Ph.D. in elec¬ 
trical engineering or a closely related field. In addi¬ 
tion to a strong commitment to teaching, the can¬ 
didate for this position is also expected to build a 
strong research program, which can be integrated 
into the existing programs of the department. Sub¬ 
mit curriculum vitae, bibliography and a list of (3) 
references to: Dr. David Yu, Co-Chair for Electri¬ 
cal Engineering, Department of EECS, UWM, 
P.O. Box 784, Milwaukee, Wl 53201. The dead¬ 
line for application is March 31,1994. The Univer¬ 
sity is an Affirmative Action/Equal Opportunity 
Employer, women and minorities are strongly 
encouraged to apply. The names of those appli¬ 
cants who have not requested that their identities 
be withheld and the names of all finalists will be 
released on request. 


or a related field. Carnegie Mellon University is an 
equal opportunity affirmative action employer and 
welcomes applications from women and minority 
groups. Applicants should submit a resume, a one 
page statement of research accomplishments and 
future plans, and up to three of their most signifi¬ 
cant conference or journal publications to: Profes¬ 
sor Robert M. White, Head, Department of Electri¬ 
cal and Computer Engineering, Carnegie Mellon 
University, Pittsburgh, PA 15213. 

Texas A&M University. The Electrical Engineer¬ 
ing Department expects to have several openings 
for tenure track faculty at all ranks. Applicants 
must have a Ph.D degree or completion of all 
requirements by date ofhire. For senior positions, 
applicants should have a proven record of schol¬ 
arly contributions, and for junior positions, demon¬ 
strated potential for quality research and teaching 
is necessary. The salary is competitive and com¬ 
mensurate with qualifications and experience. 
Applicants are sought in the areas of computer 
engineering, micro^ectronics, power electronics 
and signal processing. Applicants should send a 
complete resume, including names and ad¬ 
dresses of three references to Dr. A. D. Patton, 
Engineering Depart- 
, College Station, TX 
niversity is an equal 
opportunity/affirmative action employer and 
actively seeks the candidacy of women and 
minorities. 


Department Head, Electrical 
ment, Texas A&M University 
77843-3128. Texas A&M U 


at the Assistant Professor level, for the 1994-95 
academic year. The department has an outstand¬ 
ing faculty, a history of interdisciplinary collabora¬ 
tion, and a tradition of excellence. Ten of the cur¬ 
rent faculty have been awarded the NSF National 
Young Investigator Award, and one has received 
an NtH Research Career Development Award. 
Our research funding has increased more than 
five fold in the last decade. We are also involved 
in the NSF ECSEL Coalition to develop innovative 
new engineering curriculum for undergraduate 
education. In the summer of 1994, we will break 
ground on a new 320,000 sq. ft. building to be 
shared with the Department of Computer Science 
and Engineering. The department has research 
focus areas in: Communications, Sensors, Inte¬ 
grated Circuits, Imaging, Robotics, Electromag¬ 
netics, Optics, and Energy. Applications are 
invited from highly qualified, research-oriented 
candidates with creative teaching skills. Send 
resume with names of three references to Faculty 
Search Committee, Department of Electrical Engi¬ 
neering FT-10, University of Washington, Seattle, 
WA 98195. Applications will be accepted until 
April 15, 1994, or until the position is filled. The 
University of Washington is an equal opportu¬ 
nity/affirmative action employer. Women and 
minorities are encouraged to apply. 


Carnegie Mellon University. The department of 
Electrical and Computer Engineering at Carnegie 
Mellon University invites applications for a tenure 
track position at the Assistant Professor level. We 
are seeking highly qualified candidates who are 
committed to a career in research and teaching. 
We are especially interested in a candidate with a 
strong theoretical and experimental background in 
control theoiy and its applications in one or more 
areas including, but nof limited to: intelligent sen¬ 
sors and actuators, intelligent structures, micro¬ 
mechanisms, fault tolerant control systems, 
human interfaces for real-time control, manufac¬ 
turing, and robotics. The successful candidate will 
have the opportunity to form collaborations with 
one or more active research groups both within 
and outside the department. The department has 
active research programs in magnetic recording, 
optical computing, CAD, real-time systems, signal 
processing and telecommunications, robotics and 
controls, MEMS, and solid state devices. Besides, 
Carnegie Mellon has several research centers 
that offer the opportunity for collaboration. These 
Center (a 
Center (a 
SRC-CAD 

Center, Center for Excellence in Optical Data Pro¬ 
cessing, and Computing Systems Center. Appli¬ 
cants ^ould have a PhD in Electrical Engineering 


include Engineering Design Research 
NSF-ERC), Data Storage Systems 
NSF-ERC), The Robotics Institute, 


The University of Akron: Department of Electri¬ 
cal Engineering invites applications for two tenure- 
track faculty positions at the assistant or associate 
professor ranks. Required areas are (1) Power 
Electronics and Motor Drives (2) Computer Net¬ 
working and Communications. Applicants must 
have a doctorate in electrical or computer engi¬ 
neering and will be evaluated based on effective 
teaching, ability to improve the growing graduate 
program and potential for initiating funded 
research. Applications will be reviewed monthly 
until the positions are filled. Send resume, tran¬ 
scripts and a list of three references to: EE 
Search, Department of Electrical Engineering, 
The University of Akron, Akron, OH 44325-3904. 
The University of Akron is an Equal Education and 
Employment Institution. 


Illinois Institute of Technology seeks candi¬ 
dates for a unique, tenured position as the 
Motorola Professor of Electrical and Computer 
Engineering. It is expected that the position will be 
filled by a senior Associate Professor, a Professor, 
or an Engineer from industry with command jrato 
qualifications. Candidates must have ai 
doctorate in electrical eng' 

field, and should have a st „ - „ - -_ 

expertise in telecommunications. The ability to 
develop a telecommunications center is critical to 


the position, as is an established research record, 
and visibility in a major professional society. The 
ideal candidate should have a combination of 
academic and industrial experience, or liaison with 
both. Applicants should send a detailed curriculum 
vita to: Chair, Faculty Search Committee, Electri¬ 
cal & Compul 
Institute OT T 
Street, Chicat^ 

Technology is an equal opportunity affirmative 
action employer. M/F/HA/ 


■' Engineering Department, Illinois 
ihnoTogy, 3301 South Dearborn 
, Illinois 60616. Illinois Institute of 


Illinois Institute of Technology Electrical and 
Computer Engineering Department seeks candi¬ 
dates for a tenure track position at the assistant 
professor level in the area of power and control. 
The starting date is for the Fall semester of 1994. 
Qualifications include an earned Ph.D. in electrical 
engineering. Previous teaching experience is pre¬ 
ferred. Interested parties should submit a com¬ 
plete resume with the names and addresses of 
three references to: Chair, Faculty Search Com¬ 
mittee, Electrical & Computer Engineering Depart¬ 
ment, Illinois Institute ot Technology, 3301 South 
Dearborn Street, Chicago, IL 60616-3793. Illinois 
Institute of Technology is an equal opportunity 
affirmative action employer. M/F/HA/ 

Massachusetts Institute of Technology, 

Department of Mechanical Engineering. The 
Department of Mechanical Engineering invites the 
submission of applications for a faculty position in 
Information Science and Technology to begin in 
the Fall of 1994. The appointment will be Tor a 
tenure track Assistant/Associate Professor. Out¬ 
standing senior candidates that strongly fulfill the 
department's goals may be considered for a 
tenured position at Associate/Full Professor rank. 
The successful candidate is expected to conduct 
research and introduce teaching innovations in 
the areas of information science and technology. 
The candidate will contribute to at least one of the 
following subject areas: product/system design, 
control systems, fluid and thermal sciences, bio¬ 
engineering, man-machine systems, applied 
mechanics, transportation and manufacturing. 
Applicants must have earned a Doctoral degree in 
Science or Engineering with experience in engi¬ 
neering systems and information science and 
technology. In particular, a strong background in 
multi-disciplinary engineering systems is highly 
desirable. Interesteo individuals with applicable 
industrial experience are encouraged to apply. 
Applicants should send a curriculum vitae (with cit¬ 
izenship and/or visa status) including a publication 
list and the names, addresses, and telephone 
numbers of at least four references. In addition, 
each applicant must send a one page professional 
statement describing his/her goals and aspira¬ 
tions at MIT. The statement is important in the 
selection process. Applications should be sent to 
the following address. Information Science & 
Technology Search Chair, Massachusetts Insti¬ 
tute of Technology, Department of Mechanical 
Engineering, Room 3-173, 77 Massachusetts 
Avenue, Cambridge, Mass 02139. Applications 
received after April 15,1994 may not be given full 
consideration. MiT is an Equal Employment 
Opportunity/Affirmative Action Employer. Women 
and members of minority groups are strongly 


Rice University, Department of Electrical and 
Computer Engineering, is seeking imaginative 
and dynamic candidates with an exceptional 
record of research accomplishments in the area of 
electronic materials for the Stanley C. Moore 
Chair in Engineering. The successful candidate is 
expected to perform an innovative research pro¬ 
gram in an area of electronic materials and/or 
devices which transcends traditional boundaries. 
Of particular interest is research being performed 
on the nanometer scale, complementing the 
newly-announced Nanotechnology Initiative at 
Rice, the Rice Quantum Institute, and the current 
Physical Electronics group of the ECE Depart¬ 
ment. The candidate must also have a strong 
commitment to teaching at both the undergradu¬ 
ate and graduate level. While it is anticipated that 
an appointment will be made at the senior level, 
exceptionally well-qualified applications at all lev¬ 
els will be considered. Candidates should send a 
resume, including names of references and a 
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Applications should be received by August 1, 
1994. Rice University is committed to attracting 
qualified persons of diverse backgrounds to its 
faculty, and is an Equal Opportunity/Affirmative 
Action Employer. 

Electrical Engineering. Tenure-track position 
available Fall 1994 to teach courses in EE and 
EET, ability to teach physics & math is an advan¬ 
tage. Master's in electrical engineeringrequired. 
Min 5 yrs. industrial experience & PTE. license 
desirecf. 2 yrs. successful teaching experience 
w/demonstrated ability in field & some teaching 
experience at college level required. Salary mid- 
20 s, outstanding benefits package. Ocean 
County College is a public, 2 yr. community col¬ 
lege located in the heart of the Jersey Shore, mid¬ 
way between New York City and Atlantic City. 
Send application/resume, transcripts, and 3 pro¬ 
fessional letters of reference to Ocean County 
College, Personnel Dept, PO Box 2001, Toms 
River, New Jersey, 08754 by 4/15/94. A/VEOE. 

Distinguished Professor. The School of Electri¬ 
cal Engineering and Computer Science at Wash¬ 
ington State University invites applications and 
nominations for the position of Distinguished Pro¬ 
fessor in the general area of analog and mixed 
analog/digital integrated circuit design, integrated 
sensor technology development, telecommunica¬ 
tions, and/or instrumentation. The endowment for 
this professorship has been provided by leading 
manufacturers of electronic circuits and the State 
of Washington. The individual sought to fill the 
position must have a proven record of achieve¬ 
ment in academia and/or industry. Rank and 
tenure will be based on experience. The electron¬ 
ics program has traditionally been an important 
one in the College of Engineering at Washington 
State Liniversity, enjoying the support and respect 
of many leading industries. The School has estab¬ 
lished an NSFUniversity/Industry Center for the 
Design of Analog/Digital Integrated Circuits 
(CDADIC) with 12 participating industrial compa¬ 
nies. The successful applicant will provide techni¬ 
cal leadership within the Center and School, and 
actively promote relationships with industry. In 
addition, the person filling this position should: 1) 
Teach courses at both the graduate and under¬ 
graduate levels; 2) Establish and carry out a pro¬ 
gram of funded research in a significant area of 
electronics; 3) Enhance professional interaction 
with industry and federal agencies. Letters of 
nomination and/or applications for this position 
should be sent to Professor Anjan Bose, Director, 
School of Electrical Engineering and Computer 
Science, Washington State University, Pullman, 
WA 99164-2752; (509) 335-8148. Applications 
should include a complete professional vita and a 
list of references. Final screening will begin April 
15, 1994 and will continue until the position is 
filled. WSU is an EO/AA educator and employer. 
Protected group members are encourageo to 
apply. 

Concordia University, Department of Electrical 
and Computer Engineering. The Department of 
Electrical and Computer Engineering at Concor¬ 
dia University invites applications for two tenure- 
track positions in Computer Engineering at the 
Assistant Professor level. One of these positions 
is in the Software Engineering area with emphasis 
on one or more of the following; Software Archi¬ 
tecture and Design Methods; Requirements Engi- 


___ .'Jetworking/Software 

and Formal Methods for Protocol Design and Val¬ 
idation. For both positions, applicants must have a 
Ph.D. in Electrical/Computer Engineering or Com¬ 
puter Science and a strong commitment to excel¬ 
lence in research and teaching at the undergrad¬ 
uate and graduate levels. Knowledge of French 
will be an asset. The candidates are expected to 
possess qualifications essential to register as a 
Professional Engineer. The Department offers 
Bachelor's programs in Electrical and Computer 
Engineering and Master's and Doctoral programs 
in Electrics engineering. The department cur¬ 
rently has 27 full-time faculty members. Faculty 
research interests in Computer Engineering cover 
VLSI Systems Design; Fllgh Performance Archi¬ 


tecture and Computing; Parallel CAD; Communi¬ 
cation Network/Systems and Performance Evalu¬ 
ation; Robotics and Signal Processing Algorithms. 
There are over 175 graduate students of whom 
approximately 60 are doctoral candidates. For 
successful applicants opportunities exist for col¬ 
laborative research with members of the depart¬ 
ment as well as members in our Computer Sci¬ 
ence Department. Faculty members of our depart¬ 
ment are active participants in several inter-uni¬ 
versity research centers at the provincial and 
national levels: GRIAO, Inter-University Research 
Center on High Performance Architecture and 
VLSI; MICRONET, National Network of Centers 
of Excellence in Microelectronics Circuits, Sys¬ 
tems and Devices; CITR, National Network of 
Centers of Excellence in Telecommunications 
Research; IRIS, National Network of Centers of 
Excellence in Robotics and Intelligent Systems; 
and CRIM (Centre de Reserche Intormatique de 
Montreal). Montreal is the home of four major uni¬ 
versities and of several industries and has 
emerged as a primary Canadian center for high- 
tech research. In accordance with Canadian 
Immigration requirements, priority will be given to 
citizens and permanent residents of Canada. 
Concordia University is committed to employment 
equity and encourages applications from women, 
aboriginal people, visible minorities and disabled 
persons. All things being equal, women candi¬ 
dates shall be given priority. Applications will be 
accepted until the positions are filled. Applicants 
should send a resume and names of at least three 
references to: Dr. K. Thulasiraman, Chairperson, 
Department of Electrical and Computer Engineer¬ 
ing, Concordia University, 1455 de Maisonneuve 
Blvd., West, Montreal, Quebec, H3G 1M8, 
Canada. Phone: (514) 848-3076. Fax: (514) 848- 
2802. Email: thulasi@ece.concordia.ca 

Memorial University of Newfoundland, Electri¬ 
cal Engineering. Applications are invited for a 
tenure-track position in Electrical Engineering in 
the area of digital and con^uter communications 


.. .g —,-- .w. —I—. .X.. .^3 commencing 

September 1994. Applicants must have a Ph.D. in 
Electrical Engineering with primary interests in 
digital communications, data communication net¬ 
working and computer communications architec¬ 
ture. The successful applicant will be expected to 
teach undergraduate and graduate courses, con¬ 
duct research, and participate in other educa¬ 
tional, scholarly and professional activities. Appli¬ 
cants must have demonstrated ability to comple¬ 
ment and expand the existing areas of expertise. 
Industrial and/or teaching and research experi¬ 
ence is desirable. The successful candidate is 
expected to have/or seek a professional registra¬ 
tion with the Association of Professional Engi¬ 
neers and Geoscientists of Newfoundland. The 
Electrical Engineering discipline has a well-estab¬ 
lished co-operative undergraduate and active 
graduate and research programs in power 
devices and systems and VLST, and a proposed 
undergraduate option in computers and commu¬ 
nications. Applicants should submit a curriculum 
vitae with the names of at least three referees, and 
three representative publications to: Dr. R. 


A1B 3X5. Reference: Elec-94-01. Fax ... 
(709)737-4042. The closing date for applications 
is March 30, 1994. In accordance with Canadian 
immigration requirements, this advertisement is 
directed to Canadian citizens and permanent res¬ 
idents of Canada. Memorial University of New¬ 
foundland is committed to employment equity. 

The Department of Electrical Engineering at 

The University of Maryland Baltimore County 
(UMBC) anticipates two regular full-time tenure- 
track faculty openings at the Assistant Professor 
Level. The department currently offers the M.S. 
and Ph.D. degree and emphasizes research in 
photonics, micro-electronics, signal processing, 
and communications. The successful candidates 
for these positions will be expected to participate 
in ongoing well funded research in the area of 
wavelength division multiplexed optical communi¬ 
cation systems. This effort includes significant col¬ 
laboration with local government and industrial 
research laboratories and the facilities available 


for this research include MBE, MOCVD, CAIBE, 
and several semiconductor processing clean 
rooms. One position will be reserved for the area 
of micro-electronics as it relates to opto-electronic 
device processing and packaging including 
lasers, detectors, modulators, amplifiers, and 
novel devices. The second position is reserved for 
research performed in the area of optical commu¬ 
nication networks. The faculty member in the opti¬ 
cal network area is expected to interact with the 
device team to help realize advanced WDM sys¬ 
tems. Each faculty member is expected to teach at 
the graduate and undergraduate level, establish 
an active research program, and attract significant 
external funding. Please send a current c.v. and 
the names of three references to Professor Yung- 
Jui Chen, Department of Electrical Engineering, 
UMBC, Baltimore, MD 21228. Applications will be 
accepted until suitable candidates are found. The 
University of Maryland Baltimore County is an 
AA/EEO Employer. 


Engineering is seeking applications for a 
track assistant professor beginning Fall 


desirable. Preferred area of concentration is 
puter networking; the candidate must also oe 
qualified to teach undergraduate courses in digital 
design and microprocessor systems. The position 
is contingent upon available funding. Applications 
will be reviewed as they are received. Direct 
inquiries and applications to Chair, Computer 
Engineering Screening Committee, College of 
Engineering & Technology, Northern Arizona Uni¬ 
versity, Box 15600, Flagstaff, Arizona 86011- 
1560. Northern Arizona University is a committed 
Equal Opportunity/Affirmative Action Institution. 
Minorities, Veterans, Women and Persons with 
-1 encouraged to apply. 


Computer & Electrical Engineering faculty 
positions are available at Florida International Uni¬ 
versity. Nominations and applications are invited 
for tenure track faculty positions at all levels in 
computer engineering and electrical engineering. 
The Department of Electrical and Computer Engi¬ 
neering at F.I.U. offers B.S., M.S., and Ph.D. 
degrees. Candidates must have an earned doc¬ 
torate with a strong commitment to funded 
research, teaching and publications. Substantial 
USA funded research must also be shown by 
senior level applicants, plus good teamwork skills 
to work with faculty. Rank and salary are com¬ 
mensurate with qualifications and experience. 


--The positions 

will be available starling August, 1994. U.S. citi¬ 
zens or lawfully authorized aliens should send a 
letter addressing the qualifications above, a 
resume, and three references (names) to Dr. Mal¬ 
colm Heimer, Chair; Search and Screen Commit¬ 
tee; Department of Electrical and Computer Engi¬ 
neering; Florida International University; Miami, 
Florida 33199. Florida International University is a 
state university located in Miami with over 24,000 
students, of whom 1,800 upper division and grad¬ 
uate students are enrolled in the College of Engi¬ 
neering and Design. The School of Bigineering 
has four departments; Electrical and Computer, 
Civil, Mechanical, and Industrial Engineering. 
Florida International University is an Equal Oppor¬ 
tunity/Equal Access Employer and Institution. 

Massachusetts Institute of Technology, De¬ 
partment of Mechanical Engineering: Assistant/ 
Associate/Full Professor Appointments for Acade¬ 
mic Year 1994-1995. Design (theory, methodol¬ 
ogy, optimization, CAD/CAM, Al techniques, 
design tor manufacturing). Thermofluid Sciences 
(e.g., fundamentals of molecular and interfacial 
phenomena, multiscale transport processes in 
simple and complex fluids, and advanced diag¬ 
nostics). Systems and Transportation (e.g., sys¬ 
tems, information and transportation, broadly 
interpreted to include highway, rail and other 
transportation systems and/or any other large- 
scale systems involving primarily mechanical 
engineering disciplines). Appointees will be se¬ 
lected on the basis of intellectual strength and pro¬ 
fessional promise or accomplishments. They will 
be expected to teach and develop undergraduate 
and graduate subjects, to supervise graduate stu¬ 
dent research, and to establish independent spon- 
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sored research programs. Industrial experience is 
desirable. Doctorate in Mechanical Engineering or 
related field required. Applications including a 
resume (include citizenship and/or visa status), 
publications list, references and a 1-2 page state¬ 
ment of current and future research interests and 
goals should be submitted to Faculty Search 
Head (please specify position), Department of 
Mechanical Engineering, Massachusetts Institute 
of Technology, Room 3-173, Cambridge, MA 
02139-4307. Resumes received after April 30, 
1994 may not receive full consideration. An Equal 
Opportunity/Affirmative Action Employer. 

University of Qatar, Doha, State of Qatar, 
Department of Cornputer Science. The Depart¬ 
ment of Computer Science of the faculty ot sci¬ 
ence seeks applicants for a faculty position. Appli¬ 
cants must have a Ph.D. in Computer Science. 
The department is newly established and is in the 
process of expanding the scope of academic cur¬ 
riculum. The accepted candidate will join a staff of 
seven and will be expected to assist in formulating 
and implementing policy both for the present and 
future, in addition to day to day teaching and 
administrative duties. Applicants should send a 
resume, 2 photographs, and a list of three refer¬ 
ences to: The Dean, Faculty of Science, Univer¬ 
sity of Qatar, P.Q. Box 2713, Doha, State of Qatar. 


ip a research pro- 

„ -- _ - ill be expected to 

participate in teaching at all levels within the 


committees of the Ecole and of the department. 
Qualifications: Doctorate in engineering physics, 
in physics, or in a related discipline, with a spe¬ 
cialty in optics; should have experience in nonlin¬ 
ear optics and should submit a research program 
of high quality in this field. Working knowledge of 
French required. Membership or qualification for 
membership in the Qrdre des ingenieurs du Que¬ 
bec an advantage. Salary: Salary, fringe benefits, 
and working conditions are determined by collec¬ 
tive agreement. Application: Submit an application 
letter, a curriculum vitae, a description oi previous 
experience and of research interests, a three-year 
research project including a budget, and names 
and addresses of three references, by May ' 

1994. These should be sent to: Prof. Arthur YeL.., 
Chairman, Departementde genie physique, Ecole 
Polytechnique de Montreal C.P. 6079, succur- 
sale Centre-ville, Montreal (Quebec) H3C 3A7 
Canada. Tel.: (514)340-4768, Fax: (514)340- 
3218. In accordance with Canadian immigration 
policies, preference will be given to Canadian citi¬ 
zens and landed immigrants. Ecole Polytechnique 
is an equal opportunity employer. 


The Swiss Federal Institute of Technology 

Zurich (ETHZ) invites applications for the position 
of an Assistant Professor of Mechatronics/Robot- 
ics. Duties will include research and teaching in 
the area of mechatronics with particular emphasis 
on the application to smallest structures, espe¬ 
cially nano-robotics. The new professor should 
have a university degree, successfully completed 
own research work, and a proven ability to direct 
research projects. He/she will have to contribute to 
the teaching in mechatronics for students of 
mechanical and electrical engineering and com¬ 
puter science. Collaboration with various interdis¬ 
ciplinary research units at the ETHZ, with other 
national and international institutes, as well as with 
the industry will further be expected. The pst of 


further the career of younger scientists. It is avail¬ 
able for three years in the first instance, and 
renewable for another three years, and it offers a 
scientist with outstanding accomplishments the 
opportunity to be promoted to the rank of an asso¬ 
ciate professor (tenure track). Please apply with a 
curriculum vitae, a list of publications and a brief 
description of research interests to the President 
of the ETH Zurich, Prof. Dr. J. Nuesch, ETH Zen- 
trum, CH-8092 Zurich, no later than April 15, 
1994. The ETHZ specifically encourages female 
candidates to apply with a view towards increas¬ 
ing the proportion of female professors. 


Faculty Positions, University of Notre Dame. 
The Department of Electrical Engineering has 
open faculty positions in two areas: Solid State 
Devices and Communication Systems. In the 
Solid State Devices area, one senior position and 
one junior (tenure track) position are open. Special 
attention will be given to individuals specializing in 
materials processing and characterization, opto¬ 
electronics, high speed devices, and integrated 
circuits. In Communication Systems, one junior 
(tenure track) position is open. Areas of interest 
include wireless, video, multimedia, and secure 
communication. Applicants should have a Ph.D. in 
Electrical Engineering or a related field. The 
Department offers B.S., M.S., and Ph.D. pro¬ 
grams in Electrical Engineering and has 150 
undergraduate students,75 full time graduate stu¬ 
dents, and 22 faculty. Active research programs 
exist in two broad areas: Electronic Materials and 
Devices and Information Sciences and Systems. 
Applicants should have interest in teaching at the 
undergraduate and graduate levels, advising stu¬ 
dents, and conducting research. Rank and salary 
are negotiable. Interested persons should submit 
a complete resume and names of references to: 
Dr. Daniel J. Costello, Chairman, Department of 
Electrical Engineering, University of Notre Dame, 
Notre Dame, Indiana 46556. the University of 
Notre Dame is an Affirmative Action/Equal Oppor¬ 
tunity Employer. 


Senior Research Associate for University in 
Central Ohio. To conduct research in the model¬ 
ing and analysis of antennas, electromagnetic 
radiation, and scattering from complex configura¬ 
tions, including code development to provide 
numerical predictions and setting up suitable 
experiments for verification purposes. Prepare 
technical reports for research sponsors as well as 
publish papers in scientific and technical journals. 
Supervise research work of students and techni¬ 
cal support staff. Assist in the preparation of 
research proposals for government and private 
agencies. Requires a Phi), in electrical engineer¬ 
ing and four years of research experience in elec¬ 
tromagnetics which includes development and 
applications of advanced concepts in the area of 
high frequency ray and beam techniques or 
moment method code development and applica¬ 
tion, and in the area of numerical and hybrid tech¬ 
niques as well as in antenna/scattering measure¬ 
ments. Two positions will be tilled. One full-time 
position, 40 hours per week within normal working 
hours, $35,000-$55,000/year. The second posi¬ 
tion is 20 hours per week within normal working 
hours, $17,500-$29,000/year. Qualified appli¬ 
cants reply immediately to Professor Leon Peters, 
Jr., ElectroScience Laboratory, The Ohio State 
University, 1320 Kinnear Road, Columbus, Ohio 
43212. 


University of Texas at San Antonio: The Elec¬ 
trical Engineering Program invites applications for 
two tenure-track faculty positions. One position is 
at the Assistant Professor level, and another posi¬ 
tion is at the Associate Professor level. Candi¬ 
dates are sought in the areas of communications 
with emphasis on telecommunications, cellular 
networks, data compression and networking; and 
signal and image processing with emphasis on 
bio-signal and image processing. Applicants 
should have an earned Ph.D., demonstrated 
research ability and a strong interest in graduate 
and undergraduate teaching. You must specify in 
your cover letter what level of position you are 
applying for. Salary commensurate with qualifica¬ 
tions and experience. UTSA is a comprehensive 
metropolitan university located on the edge of the 
Texas hill country. San Antonio combines a rich 
cultural heritage with a modern focus on educa¬ 
tion, research, and technology. Send resume, a 
summary of your specific expertise in one of the 
above areas, names of four references with 
addresses and phone numbers, by April 2, 1994 
to: Chair, Electrical Eng[neering Search Commit¬ 
tee (EE-5), Division of'Engineering, University ot 
Texas at San Antonio, San Antonio, TX 78249- 
0665. UTSA is an equal oppprtunity and affirma¬ 
tive action employer. Minorities and women are 
encouraged to apply. 


Ecole Polytechnique of Montreal. The Depart¬ 
ment of Engineering Physics of the Ecole Poly¬ 
technique df Montreal, the largest French lan¬ 
guage engineering school in Norm America, offers 
a fuHime tenure track position in nonlinear optics. 
Exceptional candidates in other fields will also be 
considered. We hope to fill the post in September 


California State University, Hayward invites 
applications for a tenure-track position (#94-95 
TELE-TT) for Fall 1994 in its telecommunications 
option program. Teaching will range from the pro¬ 
tocol level to business applications. A commitment 
to teaching and research necessary. Ph.D. or 
ABD is required, with an emphasis in telecommu¬ 


nications. Other closely related terminal degrees 
will be considered. Send resumes by March 25 to 
Dr. Vernon Kam, School of Business and Eco¬ 
nomics, California State University, Hayward, 
Hayward, CA 94542. AA/EOE. 

Electrical Engineering. The University of North 
Florida (UNF) invites applications for three nine- 
month tenure track faculty positions starting in 
August 1994. Two positions will be at the assistant 
professor level and a third will be associate or full 
professor. Minimum qualifications are a doctorate 
in electrical engineering or closely related field and 
demonstrated excellence in undergraduate teach¬ 
ing. Candidates are sought in communications, 
controls, and electronics. Other considerations 
include related academic and industrial experi¬ 
ence, research productivity and promise, potential 
for obtaining external support and professional 
registration. UNF is a growing urban state univer¬ 
sity with 10,000 students and a strong commit¬ 
ment to undergraduate education. Send letter of 
application, vita, transcripts and three letters of 
recommendation to EE Search, Electrical Engi¬ 
neering Department, University of North Florida, 
Jacksonville, FL 32224-2645. Phone (904) 646- 
2970, Fax -2975, EESEARCH@unflvm.l3itnet. 


must indicate that in the letter of application 
Screening of applications will begin 31 March 
1994 and will continue until all positions are filled. 
Women and minorities are encouraged to apply. 
UNF is an Affirmative Action/Equal Access/Equal 
Opportunity Employer. 

Oregon State University - The Department of 
Electrical and Computer Engineering invites appli¬ 
cations for a tenure-track, Assistant Professor 
position in the area of power electronics and dri¬ 
ves. Candidates should have an earned doctorate 
in Electrical Engineering or in a related field and 
are expected to nave a strong commitment to high 
quality undergraduate and graduate teaching and 
to the development of a sponsored research pro¬ 
gram. With a faculty of 25, the Department of ECE 
enrolls about 425 undergraduate and 120 
MS/PhD students. The department offers ABET 
accredited programs in electrical and computer 
engineering. Ngh technology corporations such 
aslHewlett-Packard, Intel, Mentor Graphics, and 
Tektronix have major operations in the area and 
provide support for the electrical and computer 
engineering programs. The Energy Systems 
group works closely with the Bonneville Power 
Administration, the Electric Power Research Insti¬ 
tute, Puget Power, and other West Coast utilities. 
The Department has modern facilities housed in a 
new building. Located in the Willamette Valley 80 
miles south of Portland, QSU and the city of Cor¬ 
vallis offer a beautiful and unspoiled environment 
and many cultural activities. Applications must 
include a comprehensive resume, a list of three to 
five professional references, and a letter of inter¬ 
est. Please send material to Chairman, ECE 
Search Committee, ECE Department, Oregon 
State University, Corvallis, OR 97331-3211. 
Review will begin April 1,1994, and continue until 
the position is filled. Oregon State University is an 
Affirmative Action/Equal Opportunity employer 
and complies with Section 504 of the Rehabilita¬ 
tion Act of 1973. 


Kansas State University-Salina engineering 
technology department invites applications for a 
tenure track position with responsibilities in both 
electronic engineering technology and the 


equal opportunity/affirmative action employer & 
actively seeks diversity among its employees. 

Director, The Center for Advanced Computer 
Studies. The University of Southwestern Louisi¬ 
ana. Nominations and applications are sought for 
the position of Director of The Center for 
Advanced Computer Studies (the Center). The 
financial package includes a competitive salary, 
an administrative stipend and a discretionary fund. 
The candidate may also be considered for 
appointment to an endowed research professor¬ 
ship, depending on qualifications. About The Cen¬ 
ter: The Center is primarily a research unit, with 
MS and PhD degree programs in computer sci¬ 
ence and computer engineering. About 200 stu¬ 
dents are enrolled in the graduate programs, of 
which about 100 are pursuing a PhC3 degree. 


mechanical engineeririg technolc 
M.S. in Engineering or Engineering 
3 yrs. of r^evant industrial experiei 
826-2672 fc . 
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nt of 350 students, and the ABET accredited 
undergraduate program in the Department of 
Electrical and Computer Engineering, with an 
enrollment of 370. The Center has currently about 
20 research faculty members. A typical teaching 
load is one graduate course per semester and a 
continuing research seminar. External grants/con¬ 
tracts (over three million dollars in 1992-93) sup¬ 
port research in a variety of areas. The Center has 
state-of-the-art research and instructional com¬ 
puting facilities, consisting of several networks of 
Sun workstations that operate under a UNIX envi¬ 
ronment. In addition, the Center has dedicated 
research laboratories in Artificial Intelligence, 
Computer Vision & Pattern Recognition, Intelli¬ 
gent Robotic Systems, Software Engineering, and 
very Large Scale Integration. Lafayette is situated 
in Acadiana, the home of the world renowned 
Cajun cuisine. It has a population of 94,000 and is 
approximately 120 miles west of New Orleans. 
Qualifications for the Director: The candidate must 
have a PhD in computer science/engineering and 
demonstrated abilities in academic and adminis¬ 
trative leadership. He/She must have national vis- 

S through accomplishments in research, con- 
and grant funding, professional activities, etc. 
The candidate must be able to enhance and pro¬ 
mote collaboration with government agencies and 
industrial corporations. The search committee will 
begin reviewing applications on April 1,1994 and 
continue until the ppsition is filled. Applications/ 
nominations containing statements of academic, 
professional and administrative credentials, a 
detailed resume and names of five references are 
to be mailed to: Dr. Vijay V. Raghavan, Professor, 
Chairman, Search Committee for the Director, 
The Center for Advanced Computer Studies, The 
University of Southwestern Louisiana, Lafayette, 
LA 70504-4330, Phone: (318) 231-6603. An 
Equal Opportunity/Affirmative Action Employer. 

The Department of Electrical Engineering at 

the University of Tulsa has a tenure track position 
beginning Fall, 1994. A specialist in communica¬ 
tions with emphasis on fiber-optics is preferred, 
but applicants from other related research areas 
are encouraged to apply. Industrial experience in 
research and development is especially desirable. 
This position requires an earned doctorate, a com¬ 
mitment to undergraduate education, and the abil¬ 
ity to initiate and participate in interdisciplinary 
research programs both within the University and 
with local industry. Rank and salary will be com¬ 
mensurate with qualifications. Departmental com¬ 
puter facilities include a Sun SPARC workstation 
complex and a PC Network in the undergraduate 
laboratories. The Department is an integral part of 
a campus-wide computer network with access to 
college workstations and mini supercomputers, 
the University mainframe, and the national net¬ 
works. The L/niversity of Tulsa is a private, selec¬ 
tive-admission institution of 3000 undergraduate 
and 1500 graduate students, located in an urban 
community of over half a million. Interested per¬ 
sons should send resume, including names, 
addresses and phone numbers (or E-mail 
address) of three references by April 1, 1994 to: 
Dr. Gerald R. Kan^ Professor and Chair, Depart¬ 
ment of Electrical Engineering, The University of 
Tulsa, 600 So. College, Tulsa OK 74104. The (Jni- 
versity of Tulsa is an affirmative action/equal 
opportunity employer. 

Arecibo Observatory, Puerto Rico. Transmitter 
and RF/Microwave Engineer. The National 
Astronomy and Ionosphere Center, headquar¬ 
tered at Cornell University, invites applications for 
the position of transmitter and RF/microwave 
engineer. The Observatory's research activities in 
radio and radar astronomy and atmospheric sci¬ 
ence center around the use of the 1000-ft diame¬ 
ter antenna, which includes 430 MHz and 2.2 GHz 
radar transmitters. A major NSF/NASA-supported 
upgrade of the 1000-ft telescope is currently 
undenvay, which includes a new 2.2 GHz trans¬ 
mitter, broadband receivers and extension of the 
upper frequency limit to the 8 - 10 GHz range 
through an all-reflective feed system. The trans¬ 
mitter and RF/microwave engineer will work in the 
Electronics Department at Arecibo to maintain 
existing transmitter and receiver systems, to 


assist in developing specifications for ni_,, 

terns, and to install and test new equipment. 
He/she will also be involved in the design a""' ‘'''- 
rication of various other systems, includir 
noise front ends, IF/LO cnains, and sign 
cessing electronics. Consequently, a wide variety 
of expertise in many of these areas is extreme' " 
important. A BS or MS degree in electrical enc 
neering is required, along with 5 to 10 years mif 
mum experience. The successful candidate w 

be an employi —‘'' -"'- 

for all of the Ui 

health benefits, generous \ 
assistance with moving expenses to and from 
Puerto Rico, ^plications should be received by 
April 1,1994. Please reply to Dr. Paul Goldsmith, 
Director NAiC, 502 Space Sciences Building, Cor¬ 
nell University, Ithaca, NY 14853-6801. Cornell 
University is an equal opportunity/affirmative 
action employer. 

Position Announcement. Louisiana Tech Uni¬ 
versity, Department of Biomedical Engineering. 
The Biomedical Engineering Department at 
Louisiana Tech University invites applications for 
the position of Assistant Professor. The Depart¬ 
ment is seeking applicants with academic train¬ 
ing/experience in bioinstrumentation and rehabili¬ 
tation engineering to complement department's 
research and service activities. Applicants will be 
expected to teach undergraduate/graduate 
courses and direct graduate-student research. 
Candidates must have ability to establish an exter¬ 
nally-funded research program. The Biomedical 
Engineering Department offers a nationally-recog¬ 
nized academic program with emphasis on sys¬ 
tems physiology and rehabilitation engineering. 
Degrees are offered at the B.S. (ABET-accred- 
ited), M.S. and Ph.D. levels with an enrollment of 
approximately 150 undergraduate and 35 gradu¬ 
ate students. Research and sen/ice activities are 
conducted through the Department's Board of 
Regents-funded Center for Rehabilitation Science 
and Biomedical Engineering. The University is 
developing world-class resources for develop¬ 
ment of micro-structures, devices and systems. 
Opportunities exist to interact with the Institute for 
Micromanufacturing and LSU School of Medicine 
in Shreveport. Candidates for the position must 
have earned a doctorate in Biomedical Engineer¬ 
ing or related field, and be U.S. citizen/permanent 
resident. Send curriculum vitae, statement of 
teaching and research interests/goals, and names 
and addresses of at least three references to Dr. 


(phone 318-257-2645). The appointment begins 
September 1,1994. Applications will be reviewed 
as received until position is filled. Louisiana Tech 
University is an equal employment university. 
Women and minorities are encouraged to apply. 


Government/Industn Positions 0, 


Systems Analyst/Consultant; Provide consul¬ 
tancy at customer locations to analyze, design, 
develop, test, modify and re-engineer integrated 
product support, warranty administration, reiia- 
bility analysis and dealer polling systems for 
large manufacturers and dealers, using IMS 
DB/DC, DB2, VSAM, ISPF-PDF, TSO, RMDS, 
XPEDITER, BTS, JCL, CASE tools (ADW), 
FILE-AID (IMS DB2 MVS) and VIA/lnsight on a 
network of IBM-3090S and PS/2 PC workstations 
under MVS/ESA/XA, OS/2, and MS-DOS oper¬ 
ating systems utilizing various languages such 
as COBOL, APS, SQL, REXX, CLIST, MFS and 
ISPF-DTL; Develop test scenarios and perform 
testing using state-of-the-art testing tools and 
debuggers such as TRAPS, XPEDITER and 
BTS; Generate COST VS REVENUE, Perfor¬ 
mance, decision support and various statistical 
reports from different d"‘" 
and OMF. Require: B.S. 


- ._ - -. j,500/year, 

hrs/wk. Interview/job site: South Laguna, Crv. 
Send this ad and your resume to Job # LP 1161, 
P.O. Box 269065, Sacramento, CA 95826-9065. 


Tele Danmark Research - Research Fellow¬ 
ship. Applications are invited for a research fel¬ 
lowship (of duration 1-2 years) for research on 
Broadband Optical Networks. The successful 
applicant will be involved in the research on fiber 
optic access networks and on the general future 
telecommunications network topology. Close 
interaction with the work on updating of the cur¬ 
rent network operated by the regional Danish 
telephone companies is planned. Economical as 
well as technical objectives are of importance in 
the work. A solid background in optical commu¬ 
nications as well as in the area of optical (access) 
networks is required. Tele Danmark Research is 
owned by Tele Danmark Inc. which Is the share¬ 
holder company for the regional Danish tele¬ 
phone companies. Tele Danmark Research car¬ 
ries out long term research for Tele Danmark Inc. 

r icants are at least required to have a PhD. 

salary level will match the academic level of 
the applicant. Applicants on professor level might 
benefit from special tax rules for foreign 
researchers. For more information contact Gun- 
nar Jacobsen or Bjarne Tromborg using tele¬ 
phone (+45) 45 76 64 44 or fax (+45) 45 76 63 
33. Interested qualified applicants should send a 
letter of application, curriculum vitae and letters 
of recommendation to: Research Director Erik 
Nilsson, Tele Danmark Research, Lyngso Alle 2, 
DK-2970 llorsholm, Denmark, not later than May 


Engineer. We are a large, privately-owned elec¬ 
tric utility seeking a professional with a BSEE 
(emphasis in electric and magnetic field theory) 
and 10+ years experience in inductive coordina¬ 
tion between electric utilities and railroad/ 
pipeline systems. Knowledge of railroad commu¬ 
nication and signaling systems is preferred. An 
exceptional compensation and benefits package 
are available. Forward resume to: P.O. Box 76/, 
Chicago, IL 60690. EOE m/f/d/v. 


Senior Engineer. Opening with worldwide trade 
association for graduate Electrical or Mechanical 
Engineer with A.C. and/or D.C. motor design ex¬ 
perience. Must be computer literate, have good 
speaking and writing abilities, and have good 
organizing skills. Send resume and salary re¬ 
quirements to Electrical Apparatus Service As¬ 
sociation, 1331 BaurBlvd., St. Louis, MO 63132. 


Software Engineer wanted for working on a dig¬ 
itizer and interconnection of multiple tools used 
' ' ng. This includes designing complete 

10 operating system for embedded envi¬ 
ronment consisting of self-contained Motorola 
IMP MC68302 microcontrollers and AT&T 
DSP32C digital signal processors, along with the 
associated peripheral hardware; design pro¬ 
viders of all functions such as input/output dri¬ 
vers, memory allocation, CPU and JOB schedul¬ 
ing, interrupt handling, serial/parallel DMA, si 


—____12 and then 

intermixing it with C language; writing drivers for 
interconnecting multiple l\/IC68302 IMP, using 
HDLC and UART protocols to establish a net¬ 
work of tools; writing drivers to interface AT&T 
pSP32C and Motorola IMP MC68302, and sii ' 


like ICE, logic analyzer, high speed oscillo¬ 
scopes and PLD/EPROM programmer; Reqs. 
Master's in Computer Engg., and 1 yr. exp. in job 
" ired or 1 yr. related exp. as Systems Engi- 
ir. Must have 1 univ. course in each of the fol¬ 
lowing; Parallel Processing, Computer Networks 
and Digital Communications, Operating System, 
Mini- & Micro-computers and Design of Elec- 


io ^rs./wk., lam-5pm. Send resume to Okla¬ 
homa State Employment Service, 11654A E. 
21st St., Tulsa, OK 74129 (ID#7209) Job Order 
No. 080908. 


Senior Electro-Mechanical Engineer. Super¬ 
vise one electrical engineer and one mechanical 
engineer in the development, design and field 
installation, testing, maintenance and repair of 
ATMS (automatic teller machines) and other 
electro-mechanical devices and systems such 
as medical monitoring devices containing CRTs 
(cathode ray tubes) and electromechanical con¬ 
nectors and housing for OEM (original equip- 
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ment manufacturer) equipment and systems 
from customer specifications. Appiying principles 
and techniques of both electrical and mechanical 
engineering, design eiectronic circuitry, inciuding 
anaiog circuitry, digitai circuitry, defiection pro¬ 
cessor circuitry, and universal power supply with 
auto sensing, and mechanical connectors and 
housings for electromechanical circuitry, to con¬ 
form with customer specifications and require¬ 
ments. Determine methods, procedures, and 
conditions for testing equipment and systems. 40 
hrs/wk. Overtime as necessary. 8 a.m. to 5 p.m. 
Mon. to Sat.* $43,150/year. Must have bacheiors 
degree in electrical engineering and three years 
experience in the offered position or three years 
experience as a senior electricai engineer. For 
the required design of eiectro-mechanicai com¬ 
ponents, must have completed at least four (4) 
college courses in electromechanicai technoi- 
ogy, mechanical engineering, or mechanics. The 
experience required above must have involved 
work with electromechanical products incorpo¬ 
rating CRTs electronicaiiy iinked to mechanicai 
components. *As frequent overtime is required, 
more often than not it inciudes a Saturday. Must 
have proof of iegal authority to work permanently 
in the U.S. Send two (2) copies of resume to lili- 
nois Department of Employment Security, 401 S. 
State St„ 3-s, Chicago, iL 60605, Attn: Len 
Boksa, Ref. No. V-IL-11332-B. No calis. An 
employer paid ad. 

Engineer, Sr. Components Design: To evaluate 
and adapt state-of-the-art testability techniques 
and toois; deveiop scan-based diagnosis tech¬ 
niques and detailed test methodologies for use in 
deveioping high-performance VLSI chip. Re¬ 
quires Ph.D. in E.E., academic project/rre- 
search background in sequential circuit test pat¬ 
tern generation, partiai scan and distributed com¬ 
putation, and deveiopment of scan flip fiop selec¬ 
tion heuristic; also testabiiity techniques, luli scan 
design methods, iogic and fauit simuiation princi¬ 
ples, test algorithms, CMOS VLSI logic design, 
data structures, UNIX, C-Shell, ana program¬ 
ming in C/Pascai; course work in fauft-toTerant 
computing, algorithmic logic design; knowledge 
of boundary scan techniques. $5,517.60/monfh. 
40 hrs/wk. Piace of employment and interview: 


_0, CA 95826-9065. 

The company is an equal opportunity employer 
and fully supports affirmative action practices. 

Engineer, Senior Design; Responsible for 
architecture verification and design anaiysis of 
company's prospective next-generation micro¬ 
processor and derivative microprocessors; incor¬ 
porate & deveiop new CAD/verification toois to 
perform architecture validation functions; devei¬ 
op new diagnostic programs & random instruc¬ 
tion code generator using the AS64 assembiy 
ianguage to improve microprocessor functionai 
test coverage. Ph.D. in Computer Science and 
Engineering or Computer Science or Computer 
or Electrical Engineering. Academic project/ 
research background or coursework in: VLSI cir¬ 
cuit & System/logic design; CAD toois for VLSI 
design; multiprocessor systems; computer per¬ 
formance simulation; queuing network simula¬ 
tion; caching schemes; microprocessor design; 
computer architecture; iogic simuiation; X86 
Assembly language programming; C & C++; and 
UNIX operating system. $4,935/mo.; 40 hrs./wk. 
Place of employment and interview; Santa Ciara, 
CA. If offered employment, must show legal right 
to work. Send this ad and your resume to: Job 
No. WL 41168, P.O. Box 269065, Sacramento, 
CA 95826-9065. The company is an equal 
opportunity empioyer and fully supports affirma¬ 
tive action practices. 

Systems Design Consultant: To design, inple- 
ment, and consuit on Energy Management Sys¬ 
tems for Eiectric Utility industries; to design and 
implement software for Open Systems Architec¬ 
ture Environments with use of C and UNiX (UNIX 
internals), and Graphical User Interfaces with 
use of X windows/Motif-based programming 
techniques. Leads R & D activities. Minimum 
Quaiifications: 1) Master's degree in Computer 
Science with Bachelor's degree or equivalent 
level education in Eiectrical Engineering, 2) 5 
years of experience in this position or Systems 
Design Engineer/Software Engineer position{s) 


invoiving a) Software designing and impiementa- 
tion in Open Systems Architecture Environments 
with use of C and UNIX (UNIX internals), b) 
Graphical User Interface designing and imple¬ 
mentation, and c) Use of X windows/Motif-based 
programming techniques. 9 a.m. to 6 p.m. 40 
hours/wk. $40,000/year. Send cover letter and 
resume to S. Springmeyer #4-5, MDJT, 390 
North Robert Street - 3rd Floor, St. Paul, MN 
55101. Must be authorized for permanent 
employment in the United States. 

User Support Analyst Supervisor for Import- 
Export company. Hours 9 to 5 p.m. 40 hours p/w. 
$13.80 p/h. OT. $20.70 p/h. Duties; Supervises 
and Coordinates activities of workers who pro¬ 
vide problem-solving support to computer users; 
Assists in soiving nonroutine software, hard¬ 
ware, and procedure probiems, using computers 
and manuals. Talks with staff, computer users, 
supervisors, and managers to determine require¬ 
ments for new or modified software and hard¬ 
ware. Writes recommendations for management 
review. Coordinates instaiiation of hardware and 
software implementation of procedure changes. 
Please submit resume only to the Job service of 
Fiorida at 701 S.W. 27 Avenue, Room 15, Miami, 
Florida 33135, Re: Job Order #FL0966071. 

Paradigm Shift, Inc., Software Trainer/Consui- 
tants. Paradigm Shift, inc. is seeking candidates 
for the positions of Software Trainer/Consuitant 
in C++, and Software Trainer/Consuitant ir 
Smailtalk. The ideai candidates wili meet o. 
exceed the foilowing requirements: Ph.D. in Soft¬ 
ware Engineering or equivaient, 10 years experi¬ 
ence in industrial systems software and develop¬ 
ment, 3 years experience in OOP, demonstrated 
exceiience in teaching, wiiiingness to travei min¬ 
imum 30 weeks per year. The job responsibiiities 
inciude: Train ciients in OOP, OOD, and OOA to 
provide optimai technology transfer to the OO 
paradigm. Provide consulting that guides ciient's 
process and architecturai and design decisions, 
develop training materiai, develop software com¬ 
ponents. Compensation wili be base salary plus 
bonus for each week traveled. Total starting 
range $75,000 - $115,000 plus generous benefit 
package. Relocation to the corporate iocation is 
not required at this time. Appiicants should con¬ 
tact John Meyers, Product Manager, at Para¬ 
digm Shift, Inc., P.O. Box 5108, Potsdam, NY 
13676, Fax 315-353-6110, meyers@parashift. 

Experienced Electronics Engineer: Center for 
Remote Sensing is a smali high-tech R & D orga¬ 
nization. We are in immediate need of excep- 
tionaiiy briliiant eiectronics engineer with interest 
and experience in diverse areas of electronics. 
The expertise shouid inciude analog, RF, 
microwave, digitai and PC based systems 
design (Both hardware and software, assembly 
and C). This is a senior level and responsible 
position. We provide excelient salary and bene¬ 
fits. Piease write to: CRS Employment, P.O. Box 
9244, McLean, VA 22102. 

Project Engineer. Master's in eiec. eng. or 
electromechanical eng. & 3 yrs.' exp. in research, 
design, application & testing of switched reluc¬ 
tance motors used as actuating devices & for 
continuous operating conditions. Exp. must 
include work with magnetic finite & boundary ele¬ 
ment analysis. Serve as project engineer with 
respect to the research, design, appiication & 
testing of switched reiuctance motors used as 
actuating devices & for continuous operating 
conditions. Analyze current production & proto¬ 
type switched reiuctance motors, drive systems 
& sensing methods for automotive applications, 
including electronic throttle control & clutch con¬ 
trol systems. Perform feasibility studies & new 
product deveiopment as weli as magnetic finite & 
boundary eiement anaiysis. Develop cost effec¬ 
tive sensorless position tracking system. Appiy 
switched reiuctance motor technoiogy to existing 
products. Advance the state-of-the-art in over¬ 
coming traditional negative characteristics such 
as excessive torque ripple & noise via non-eiec- 
tronic control means. Sal. Range: $45,220- 
$55,000 per yr. dep. on qual. 40 hrs./wk. 8:00- 
4:30. Employer Paid Ad. Send resumes to: 7310 
Woodward Ave., Rm. 415, Detroit, Ml 48202. 
Reference No. 109393. 


ware systems for fast, accurate circuit simuiation 
in applications crucial to the design of VLSI cir¬ 
cuits such as circuit performance analysis, multi¬ 
conductor/multi-medium interconnects, eiectro- 
migration & circuit reliability; develop open soft¬ 
ware characterization system for device anaiy¬ 
sis, process file generation & statistical analysis. 
Ph.D. in Eiectrical and/or Computer Engineering. 
Academic project/research background in: 
developing aigorithms & software systems for 
simulating iarge size circuits; numerical algo¬ 
rithms, device modeling & data base for fast, 
accurate & memory-efficient simuiation of VLSi 
circuits; circuit theories; electrical engineering, 
inciuding solid state devices, eiectromagnetics& 
communication theories; mathematics; ECAD 
software systems; and programming C and For¬ 
tran; academic coursework in digital circuit 
design, circuit simuiation and software engineer¬ 
ing. $5,050.00/mo.; 40 hrs./wk. Place of employ¬ 
ment and interview: Santa Ciara, CA. If offered 
employment, must show legal right to work. 
Send this ad and your resume to: Job No. HR 
46077, P.O. Box 269065, Sacramento, CA 
95826-9065. The company is an equal opportu¬ 
nity empioyer and fuliy supports affirmative 
action practices. 


Want an engineering or 
computer science document 
from any publisher fast? 


Announcing 

Ask^/EEE 

Why waste time trying to find the sci/tech 
article you need? Starting January 1, 1993 
you can Ask*IEEE..,and get virtually any 
document in the public domain quickly and 
inexpensively. 

Fast, comprehensive service 

The IEEE's immense collection of journals, 
magazines, conference proceedings and 
standards will be housed at Ask*IEEE, ready 
to be delivered to you within hours at no 
extra charge. 

To ensure you receive equally good service on 
information from all other publishers, the IEEE 
has joined forces with Dynamic,Information 
Corp. of Burlingame, CA, a pioneer in the 
document delivery business. 

One-stop shopping at less expense 
Rates for articles from the IEEE collection 
are $12; all other articles are from $15. 

This simple price will cover all fees, 
including copyright. 

Orders for IEEE items received by Noon PST 
will be shipped the same day at no extra cost. 
Delivery will be made the way you choose: 
fax, e-mail via Ariel fax, overnight express, 
or mail. 

To order, or for more information, contact: 

Ask^^lEEE 

Attn: Manager Document Delivery 
P.O. Box 4327 
Burlingame, CA 94011-4327 
U.S. & Canada: 1-800-949-IEEE 
Rest of world: (415)259-5040 
fax: (415) 259-5045 
DIALAAAIL: ASKIEEE 
Internet: askieee@ieee.org 
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PROFESSIONAL CONSULTING SERVICES 


ADVERTISING RATES 

12 insertions-$4056 1 insertion-$338 

50% discount to IEEE members on three or more insertions. 

If you are an IEEE member, please enclose your membership number 
with the order. 

Copy cannot exceed 1-Inch in depth. No product may be ottered for sale. 
Advertising restricted to professional engineering and consulting services. 

No orders can be accepted by telephone, order and copy must be 
sent together. 

For any further information and closing dates please contact 
Advertising Production, 212-705-7578 


Consulting. Contract 8&D, and Prototyping 

Integrated. Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 



THE CONSULTING GROUP | 

Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 

Post Office Box 522 

Pacific Palisades, CA 90272 

Tel; (310) 459-8728 
Fax:(310)573-1781 

Multi-Disciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. Industrial Power System. 

R&D, Prototyping & Testing in our Lab facilities. 

119-40 Metropolitan Ave., Ste. A2, Kew Gardens, NY 11415 
Ph. (718) 846-5400 Fax (718) 846-2440 




RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmental Impact 

• Simulations of Fields & Phenomena 

Jeremy K. Raines, Ph.D. (MIT), P.E. 

13420 Cleveland Drive (301) 279-2972 

Potomac. Maryland 20850-3603 


CONSULTING & PROTOTYPES 

. . . 

BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS JAMES R. HENDERSHOT 

too Homestead Ave. TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 




CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
controi, synthesis, system performance, 
simulation, specs, integration, testing 

• Eiectrical, mechanicai, hydrauiic 

• Defense, aerospace, industriai experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


Richard W. Brounley, P.E. 

RF ENGINEERING CONSULTANT 

Specializing in the design of solid state 

RF transmitters and associated circuits 
• Complete RF laboratory facilities • 

• Prototype Development • Pilot production runs • 

• Production follow-up • 

7381 114 Ave. N., Unit 410 

Largo, FL 34643 
(813) 546-9371 




IRAJ. PITEL, Ph.D. 

Consulting, Research and Development 
in Power Electronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 

MAGNA-PDWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201) 428-1197 Fax (201) 428-2853 


SPREAD SPECTRUM 

Communications Systems Engineering, Inc. 

• Specializing in Spread Spectrum systems. 

• FCC Part 15 apps, direct sequence or hopping. 

• Low cost, alignment free implementations, DSP. 

• Complete RF and digital laboratory facilities. 

1004 Amherst Avenue Phone: (310) 820-3825 

L.A., CA 90049 Fax: (310) 820-6761 




LEONARD R. KAHN, P.E. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


Princeton Electro-Technology, Inc. 

MAGNETIC CIRCUIT 
DESIGN & PROTOTYPE DEVELOPMENT 

MDTDRS, ACTUATDRS, SENSDRS & MAGNETS 

Peter Campbell, Ph.D., M.A., President 

2449 Patricia Avenue Tel: (310) 287-0375 

Los Angeles, CA 9(X)64 Fax: (310) 287-0378 




International Compliance Corporation 
Design, Test, & Consulting 

• FCC CertificationA/erification 

• CISPR, Immunity, CE Marking 

• Product Safety: UL, CSA, lEC 

Dallas, TX ■ Austin, TX 

1911 E. Jeter Rd (817) 491-3696: tel 

Argyle, TX 76226-9401 (817) 491 -3699: fax 


MODICOIV 98 4’s 

Need experienced help? - We’ve written 10,000 484/584/984 ladder 
logic networks in the last decade, created 12 cdmplex, table-driven 
batching systems, controlled pnuematic transport systems, conveyors, 
grinders, dryers, extruders, devised smart-PID strategies, created cor¬ 
porate design standards. We have provided team leaders on 7000 I/O 
projects (finished on-time/on-budgell) Isn’t your project really too 
important to leave to chance? Call or write for free brochure. 

APC Consultants, Inc., P.O. Box 338 (314)349-7980 

Valley Park, Missouri 63088 (St. Louis) Founded 1983 



COMPUTER BMPHICS 

2D/3D, Hardware, Software, Systems, Algorithms 

• Initial Design/Architecture Consulting 

• Design Reviews 

• In-House Training 

• Custom System Design/Implementation 

Voice: (508) 392-0881, Fax: (508) 392-0882 
Email: consult%cognivis@uunet.uu.net 
Cognivision, Inc., Westford, MA 


PATENT ATTORNEY 

OF 

JAPAN 

TAKADA & ASSOCIATES 

Specialty: electrical, electronic, 

telecommunications, mechanical, 
trademark, and servicemark cases 
Hanabusa Bldg., 12-6 Minamiaoyama 5-chome 
Minato-ku, TOKYO, JAPAN 
Fax: (03) 5485-9147 Phone: (03) 5485-9146 



Specializing in the design of passive waveguide compo¬ 
nents and systems. Experienced in active and passive 
components and systems covering the range from HE 
thru UHF, Skilled in management of High-Rel develop¬ 
ment programs for microwave hardware. 

ALFORD Microwave Consulting 

P.O.Box 743 Marble Falls, TX 78654 (210)693-7730 


Analytical Engineering Consultants 

Advanced system engineering. Requirements 
anatysis and systems design. Experience in DSP, 
Kalman filters, tracking, math modeling, numerical 
analysis and computer simulation for aerospace, 
fiber optics, communications, navigation, and sen¬ 
sor systems. 

5805 Serrania Ave. Tel: (818) 348-2142 

Woodland Hills, CA 91367 


Technical Editing 

• Personalized Service at Reasonable Rates 

• 5 Years Experience in Electrical Engineering Editing 

• Books, Journal Articles, Proposals 

• Hardware and Software Manuals 

• Theses and Dissertations 

MJenks Editing 

Margaret D. Jenks 
P.O. Box 3553 

Moscow, ID 83843_208/882-0317 
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Patent Attorney 


DAVID FINK, PATENT ATTORNEY 

APPLICATIONS PREPARED AT A FIXED FEE 
CONTINGENCY PATENT LICENSING 

AND ENFORCEMENT 

441 Summer Street 

Stamford, CT 06901 

Tel: (203) 325-3344 Fax: (203) 325-4443 

Electronics!Software 

I. lonescu, MSEE, PE, JD, MBA 
203-381-9400 (FAX 203-381-9401) 

Box 697, Stratford, CT 06497 



Keith H. Sueker, PE 

Consulting Engineer 

• Power Factor Control 

• Power Conversion 

• Harmonic Mitigation 

IEEE 519 tutorials, studies and filter design for utilities and industry. 

110 Garlow Drive, Pittsburgh, PA 15235 

Phone: 412 793 6737 FAX 412 793 7030 


TECHNOLOGY CONSULTANTS 

RF and Microwave Design 

Marwan E. Nusair, Ph.D. 

9134 Union Cemetery Road, Suite 259 

Cincinnati OH 45249 

Phone (513) 284-3020 Fax (513) 489-3501 



EMBEDDED SYSTEMS DEVELOPMENT 

• Telecoms, ISDN, ATM, Protocols 

• Real Time, DSP, Rise, MicrocontroUers 

• Turnkey Solutions, On/Off-Site consulting 

British University Qualified Consultants (MSc, PhD) 

7WaiSn.&™»ny ^ Wramille. OH 43061 

Tel:+49 711 881010 Tel: 614 899-7878 

Fax: +49 711 8661240 Fax: 614 899-7888 


KALMAN FILTERING 
SOFTWARE 

• LOW CONSUIUNG RATES 

• SHORT COURSES WITH SOFTWARE 
•OFF THE SHELF SOFTWARE 

• FREE BROCHURE 

AppUed Filtering Lah 309-452-2987 
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MICROGRAFX* 
ABC Flowcharter 2.0 
for Windows 

With the help oi ABC Flowcharter 2.0 
from Miorografx, flowcharting Is so 
easy tor business. ABC Flowcharter 
provides all the tools you'll need to 
streamline business procedures into 
smaller, more manageable pieces. 


SnapGrafx 1.0 for Windows 

SnapGrafx from Miorografx is the 
easy-to-use automated business 
graphics tool. SnapGrafx lets you 
create charts, diagrams and 
business graphics in minutes 
using pre-defined templates, 
automated shapes, line tools and 
3-D effects. 



#831223 (3.5') 
MSRP $99 

$94.99 

:-TEK 

Call (800) 395-1000 

in Illinois (708) 677-7660 
Over 5,000 National-Branded 
Computer Products 
‘“"Discounted Prices 
Ordering with FREE 
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Scanning 

The Institute _ 

Ask*iEEE HeiiveK lEE, 
Inspec documents 

The partnership between the IEEE’s docu¬ 
ment delivery service, Ask*IEEE, and 
Inspec, the information services division of 
the United Kingdom’s Institution of Elec¬ 
trical Engineers, was formally announced in 
London in December. A one-stop document 
delivery service specializing in engineering, 
computer, and physical sciences informa¬ 
tion, Ask’^'IEEE can now deliver articles 
from all lEE publications and articles cited 
in Inspec’s database, as well as from all 
IEEE publications. It also has access to just 
about any document in the public domain. 

The IEEE’s holdings at Ask*IEEE com¬ 
prise about a quarter of the world’s litera¬ 
ture in the field. They include over 80 years 
worth of material—over 90 periodicals, 200 
conference proceedings, and more than 650 
IEEE standards. To this has been added the 
lEE publications and the more than 280 000 
records in the Inspec database, which regu¬ 
larly scans the contents of 4200 journals, 
2000 conference proceedings, and selected 
books, reports, and dissertations. 

To place orders and for further informa¬ 
tion, contact: Ask*IEEE, Box 4327, Bur¬ 
lingame, CA 94011-4327; 800-949-IEEE or 
415-259-5040; fax, 415-259-5045; e-mail (on 
the Internet), “askieee@ieee.org”. 

‘Every engineer a leader’ 

With this theme, the lEEE-USA Careers 
Conference next month will examine ways 
to develop the leadership potential of the 
engineering community. The venue is the 
Worthington Hotel in Fort Worth, Texas, 
and the dates, April 14-15. 

The conference, meant for human re¬ 
sources and engineering managers, engi¬ 
neers, academics, and other technical pro¬ 
fessionals, will explore how organizations 
can help their engineers take charge at 
many levels, thereby obtaining a competitive 
advantage in today’s changing workplace. 

Workshop sessions include: leadership 
skills in the present economic environment; 
achieving a diverse workforce in a declining 
economy; resettling displaced engineers; 
the role of education in developing engineer 
leaders; the changing workplace and its im¬ 
plications for engineers; and case studies in 
building leadership at every level. 

A post-conference workshop on April 16, 
“Careers in transition,” will deal with the 
needs of engineers and managers who are 
contemplating job moves or are in the throes 
of change within their own companies. 

For information, contact Marilyn Sumpter 
at lEEE-USA, 1828 L St., N.W., Suite 1202, 
Washington, DC 20036-5104; 202-785-0017; 


fax, 202-785-0835; e-mail, s.grayson (Comp- 
mail) or s.grayson@ieee.org (on the Internet). 

a ittb-matching service far engineers 

lEEE-U.S. Activities has reached an agree¬ 
ment with an electronic matchmaking ca¬ 
reer service, called Job Bank USA, that -will 
provide information about employment op¬ 
portunities to IEEE members and their 
spouses. A national service based in Mc¬ 
Lean, Va., Job Bank is used by such large 
companies as IBM, Xerox, and Boeing. 

An employer pays for a local, regional, or 
national job search. Within 48 hours. Job 
Bank pulls prospective matches from its 
database. Individuals are notified of candi¬ 
date companies before any confidential in¬ 
formation like a resume is released. 

One year of the service, which includes 
nevreletters and an updated resume, is being 
offered to IEEE members and spouses for 
$27 until March 31 (The usual fee is $75.) 
More information is available from Job Bank 
USA at 800-296-lUSA or 703-847-1706. 
lEEE-USA can be reached at 202-785-0017. 


Coming 

in Spectrum 


FOCUS ON WORKSTATIONS ANO PCs. With their 
falling prices and growing power, engineer¬ 
ing workstations are achieving price-perfor¬ 
mance levels that turn dreams into reality. 
In its annual report on this vital mar¬ 
ketplace, IEEE Spectrum focuses on the 
workstations and personal computers that 
deliver high performance yet cost less than 
US $7000. What should one look for in such 
a workstation? And what features are avail¬ 
able? Spectrum provides the answers, as 
well as a table of the latest low-cost systems. 

PERSONAL COMMUNICATIONS SERVICES. The 

next milestone for the infant PCS industry 
is in early May when licenses and permits 
are issued in the United States for the first 
systems. This overview considers what to 
be concerned about as the systems evolve. 

OlVERSITY’S EFFECTS. A study of 3000 scien¬ 
tists and engineers at R&D facilities in the 
United States found that the possession of a 
Ph.D. affects people of different demograph¬ 
ic backgrounds differently. The authors of 
the study examine how these differences 
may influence performance on the job and 
perceptions of others’ contributions. 

EEs UN THE BOARDS. This small but growing 
minority of corporate directors can be criti¬ 
cal to a business’s success. Spectrum looks 
here at the contributions electrical engi¬ 
neers are making to the boards of Atlantic 
Richfield, Federal Express, General Motors, 
Hitachi, IBM, and others. 



84 




















WHAT IF.. 


ijj Capacitance 
1 Torque 

i • Ohmic Loss 
R Eddy Current Loss 
^ Inductance 
f Saturation 

Dielectric Breakdown 
_ Field Mapping 


Prod,, ctivity 
Reli I 






Magnetic Shieldinc 

High Freguepcy i 

Soienoids 

Edd) 

f Current NDE 
Voitage , . , 

Seni 

rs 

3ibr 

Jicai 

\Aac 

letic Recording 

dctu 

3 tors 

’ 

PoVi/ 

hr T&D 


/ u^ed a different exdtation? 

/ used a different dimension? 

I used a different materiai? 

I used a different .? 

Examine hundreds of different design 
possibilities with little more effort than 
looking at one. 

Ansoft introduces: 
Parametric analysis 
for the Maxwell EM 
2D Field Simulator 

The Maxwell* EM 2D Field Simulator 
makes electromagnetic design optimiza¬ 
tion studies a practical reality. The new 
Parametric Analysis Module unlocks the 
genius inside of you! 

An easy to use spread sheet enables 
parametric input of materials, positions, 
geometries and more. Set up your electro¬ 
magnetic analysis once and let Maxwell 
solve for the parameters of Interest. No 
tedious batch programs or endless itera¬ 
tions of the same analysis. One time set 
up - unlimited possibilities! 

Use Parametric Analysis with: 

• Maxwell DC Magnetics 

• Maxwell AC Magnetics 

• Maxwell Electrostatics 

Maxwell EM Field Simulators have 
brought push-button electromagnetic 
analysis under Microsoft Windows* to 
engineers' desktops around the world. 

Another first from Ansoft. 

Call (412)261-3200 X201 today for an 
information or demonstration package, 
or to talk with an applications engineer. 

Theory by Maxwell. 
Solutions by Ansoft 
.... Again! 

* OSF/MOTIF interface on UNIX platforms 


Pittsburgh PA 15219 U 

TEL (412) 261-3200 
,AWSnFT (412) 471-9427 
#»’! I intemet:info®an5oft.cc 

















It s time to go 
nonlinear with 

Simulink: 


S IMULINK gives you a power¬ 
ful interactive workbench to 
model, analyze, and simulate 
physical and mathematical systems. 
SIMULINK allows you to rapidly 
model the behavior of complex sys¬ 
tems like regional power grids, satel¬ 
lite controllers, aircraft, robotic sys¬ 
tems and biochemical processes. 

Create models graphically 

With SIMULINK you can model a 
dynamic system quickly and easily. 
Just drag and drop icons into block 
diagrams — there’s no need to write 
a single line of code. 

SIMULINK provides over 200 built- 
in block types from which to build 


Extensive model types 

To model a complete range of sys¬ 
tem behaviors, you can combine lin¬ 
ear and nonlinear elements defined 
in discrete-time, continuous-time or 
as a hybrid system. 

Interactive simulation 

Simulink makes it easy to run sim¬ 
ulations and monitor results interac¬ 
tively. Just attach signal source 
blocks to generate input signals and 



te a model hierarchy. 


Graphically tune parameters in a nonlinear sys¬ 
tem with the Nonlinear Control Design Toolbox. 

Circle 


oscilloscope blocks to monitor out¬ 
puts. For “what if analyses, change 
parameter settings while the simula¬ 
tion is running; you see the changed 
outputs immediately. 

An open architecture 

Because SIMULINK is based on the 
open and extensible architecture of 
MATLAB®, you can easily create 
blocks, customize existing blocks, 
build custom block libraries, and use 
MATLAB’s toolboxes including; 

• Signal Processing 

• System Identification 

• Control System Design 

• Robust Control 

• ft-Analysis and Synthesis 

• Neural Network 

• Optimization 

• Nonlinear Control Design 

New toolboxes for nonlinear 
optimization and real-time code 

The new Nonlinear Control Design 
Toolbox automatically optimizes 
controller parameters using nonlin¬ 
ear simulation results.. 

SiMULINK's new C Code Generator 
lets you automatically generate real¬ 
time code from models, for embed¬ 
ded control, rapid prototyping, and 
standalone simulations on your tar¬ 
get hardware or on DSP hardware. 
No. 4 

MATLAB and SIMULINK 


■'i 

SIMULINK Highlights 

Modeling Tools 
I» Block Library with 200+ blocks 
. • Custom blocks and libraries 
i» Custom icon editor 
I • Differential equations 
I • Linear and nonlinear 
I* Discrete-time, continuous-time, 
and hybrid 

I* Multi-input-multi-output 
I * Hierarchical modeling 
I * Write equations in Fortran, 

C or MATLAB 

Simulation and Analysis 

• 1 integration methods for fixed, 
variable-step and stiff systems 

• Interactive simulations with 
live displays 

• Batch simulations from MATLAB 
command line 

: • Monte Carlo simulations 

• Access to MATLAB's extensive 
toolboxes 

• Trimming: determine stable 
equilibrium points 

• Linearization 


SIMULINK is available on most pop¬ 
ular computers, including Unix 
workstations, MS-Windows-based 
personal computers, and the 
Macintosh. 

Call 508/653-1415 for a 
complete brochure. 
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MATH 

WORKS 

24 Prime Park Way/Natitk,MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
Email info@mathworks.com 
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